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Preface 

In  this  report  I  have  tried  to  show  that  a  Minuteman 
guidance  and  control  computer,  the  D3?C  >  can  he  converted  for 
general  purpose  applications  through  the  addition  of  a  few 
simple  circuits  and  systems.  I  .  ope  my  efforts  will  assist 
the  Air  Force  in  reutilizing  these  machines  in  laboratories 
or  at  least,  I  expect  my  work  to  be  the  foundation  for  fur¬ 
ther  study  in  reutilizing  these  machines  by  civilian  institu¬ 
tions. 

/ 

This  investigation  considers  only  hardware  systems  added 
to  the  machine  and  does  not  include  software  development  or 
machine  modifications.  In  short,  any  graduate  or  advanced 
undergraduate  student  in  Electrical  Engineering  may  use  my 
work  and  a  bare  D37C  computer  to  produce  a  versatile,  general 
purpose  minicomputer.  The  essential  elements  for  this  con¬ 
version  are  incited  in  the  circuit  descriptions  and  schema¬ 
tics  of  Appendices  B  and  G. 

I  wish  to  acknowledge  my  indebtedness  to  several  indivi¬ 
duals  ip  the  preparation  o.f  -hie  report.  I  thank  Messrs. 

Wells,  Fisher,  and  Kuchenbeexsr  for  their  technical  assistance 
through  telephone  interview.  Thanks  also  goes  to  Prof.  Lament, 
my  thesis  advisor,  for  his  motivational  force  and  patience  with 
broken  deadlines.  Messrs.  Wolfe,  Short,  and  Bayard  were  of 
great  assistance  in  constructing  some  portions  of  the  console. 

I  am  deeply  indspted  to  lab  partners  Lt.*s  Lundy  and  Kennedy 
whose  casual  conversations  helped  solve  many  problems.  Final- 
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ly,  I  wish  to  express  sincere  thanks  to  my  wife  who  helped  in 
proof  reading  and  persisted  through  weekends  and  evenings  of 
neglect. 

Dennis  C.  Reguli 
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Abstract 


Since  the  Air  Force  surplused  Minuteman  guidance  compu¬ 
ters  there  has  been  an  interest  in  reutilizaticn  by  civilian 
institutions.  This  report  addresses  the  problem  of  reutiliz- 
ing  later  Minuteman  computers,  0370*8,  which  will  become  sur¬ 
plus  in  the  near  future.  Revitilization  is  assumed  optimum 
by  first  converting  into  a  general  purpose  minicomputer.  This 
is  done  for  the  D37C  by  supplying  external  support  systems, 
control  and  monitor  Circuits,  and  expanded  I/O  capability. 

The  external  systems  include  power  supplies  and  cooling  system 
and  were  provided  at  AFIT  by  laboratory  generators  and  a  fan 
and  pump  assembly,  respectively.  The  generators  produce  the 
28vdc  at  15  amp  and  the  22vrms,  400  Hz,  30  current  required  by 
the  computer  and  the  cooling  system  provides  less  than  con¬ 
tinuous  duty  cycle  cooling.  The  Control  and  Monitor  circuits 
are  required  to  control  the  mode  transitions  of  the  machine 
and  to  monitor  the  results.  The  simple  circuits  required  were 
expanded  to  include  a  program  load  scheme  using  the  character 
inputs,  and  a  register  display  output  using  a  multiplexed  out¬ 
put,  Mpx.  The  final  Control  and  Monitor  system  will  provide 
sufficient  I/O  capabilities  for  many  applications,  however,  an 
expanded  I/O  system  was  developed  for  more  versatility.  The 
expanded  I/O  system  provides  for  program  controlled  I/O,  a 
parallel  data  bus  for  an  I/O  port,  and  a  speed  increase  of  50 
words  per  second  to  100  plus.  The  converted  D37C  final  system 
will  provide  many  institutions  with  a  highly  reliable  and  ver¬ 
satile  minicomputer. 
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I.  Introduction 

This  is  a  report  on  developing  a  process  to  convert  the 
Minuteman  guidance  and  control  computer,  the  D37C,  into  a 
general  purpose  minicomputer.  The  introduction  will  discuss 
previous  work  in  the  general  area,  state  explicitly  the  prob¬ 
lems  of  development,  describe  the  basic  machine  structure,  and 
provide  some  insight  into  the  scope  and  organisation  of  the 
remaining  report.  This  report  assumes  the  reader  has  some 
Electrical  Engineering  background  and  comprehends  basic  digi¬ 
tal  logic  circuits  and  Boolean  Algebra.  It  would  also  be 
helpful,  though  not  necessary,  for  the  reader  to  be  familiar 
with  basic  computer  input/output  (I/O)  operations. 

Background 

This  familiarisation  section  begins  with  the  history  of 
surplus  Minuteman  computers,  the  formation  of  the  Minuteman 
Computers  Users  Group  and  an  overview  of  work  in  this  area  at 
the  Air  Force  Institute  of  Technology.  A  short  section  on 
references  follows  to  explain  the  sources  for  this  report. 

History.  In  the  early  1960*s  the  United  States  Air  Force 
surplused  over  400  Minuteman  guidance  and  control  computers, 
the  D17B,  through  a  modernization  program.  These  ICBM  compu¬ 
ters  were  released  to  government  activities*  industrial  con¬ 
tractors,  universities  and  other  organizations  for  the  purpose 
of  research,  education,  and  other  applications  (Ref  6).  These 
machines,  costing  originally  about  $234,000  each,  are  supply¬ 
ing  these  organizations  with  low  cost  computing  power.  A 
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measured  mean-time-between- failures  of  5*5  years  and  environ¬ 
mental  design  cri%eria  ;nake  the  D17B  a  highly  reliable  and 
rugged  device  (Ref  6). 

The  new  owners  of  these  machines,  desiring  to  use  the 
D17B  to  its  fullest  capacity,  formed  an  organization  for  effec¬ 
tive  information  transfer.  This  group  is  called  the  Minuteman 
Computer  Users  Group  (MCUG)  and  is  headed  by  Dr.  Charles  H. 

Beck  of  Tulane  University,  New  Orleans,  Louisiana.  To  date, 
the  group  has  made  significant  advances  in  hardware  modifica¬ 
tions,  software  routines,  and  special  applications  development 
for  the  D1?B.  They  have  developed  a  hardware  divide  for  the 
machine,  programs  for  simulating  the  D17B,  an  assembler,  hy¬ 
brid  and  analysis  systems,  and  more  (Ref  6).  One  machine  has 
been  shown  cost  effective  for  blood  serum  analysis  at  the  Wal¬ 
ter  Reed  Army  Institute  of  Research,  Walter  Reed  Army  Medical 
Center  (Ref  6). 

The  Air  Force  Institute  of  Technology  (AFIT),  which  has 
two  0178*8,  is  an  active  member  of  MCUG,  and  is  deeply  involved 
in  revitalizing  these  machines.  Using  the  machines  primarily 
as  educational  tools,  AFIT's  students  are  investigating  con¬ 
version  of  the  D17B  for  general  purpose  use.  In  a  general  pur¬ 
pose  configuration  the  machines  could  easily  suit  a  wide  range 
of  applications,  therby  aiding  their  use  by  MCUG  and  AFIT.  If 
the  conversion  is  sufficiently  sound  the  Air  Force  could  recov¬ 
er  some  of  their  cost  by  reutilizing  them  in  their  own  labora¬ 
tories.  Toward  this  end,  AFIT  students  have  written  seven 
Masters  Thesis  on  making  the  D17B  more  versatile  and  suitable 
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for  general  use.  This  work  has  included  console  development 
(Ref  &),  peripheral  device  interfacing  (Ref  14;,  and  expansion 
of  Input/Output  capabilities  (Ref  15). 

In  the  spring  of  1972  AFIT  received  a  new  addition  to 
their  Minuteman  computer  laboratory,  the  D37C,  on  loan  from 
the  Air  Force  Logistic  Command.  This  newer  model  of  the  D17B 
is  expected  to  be  surplused  in  the  same  manner.  Because  of 
technological  advances  the  D37C  is  physically  smaller,  has 
more  instructions,  and  almost  twice  the  memory  of  the  older 
machine.  AFIT  received  an  operational  D37C  early  because, 
for  some  defect,  it  is  non-flight  worthy.  This  machine  is  to 
be  investigated  for  the  same  prospect  of  general  purpose  con¬ 
version.  This  is  the  first  thesis  concerned  with  converting 
the  D37C  computer  for  general  purpose  applications. 

References.  The  needed  information  for  this  report  was 
found  in  Air  Force  documents  on  the  D37C  prepared  by  Autenetics, 
thesis*  of  AFIT  students  written  on  AFIT*s  Minuteman  system, 
and  direct  conversation  with  engineers  involved  with  the  ma¬ 
chine.  The  documents  include  Repair  and  Recycle  Specifica¬ 
tions,  Programming  Manual,  System  Depot  Overhaul,  Logical 
Description,  and  Logic  Breakdown  manuals  for  the  D37C  compu¬ 
ter.  Because  of  the  similarities  in  the  D17B  and  D37C,  AFIT 
students*  thesis  on  the  D17B  have  proven  very  helpful  in  de¬ 
signing  the  displays  and  I/O  expansion.  For  specific  infor¬ 
mation  not  available  in  the  aforementioned  documents ,  direct 
conversations  with  Messrs.  Wells,  Fisher,  and  Kuchenhecker 
were  invaluable.  Mr.  Wells  is  an  engineer  at  the  Minuteman 
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Test  and  Repair  Center,  Newark  Air  Force  Station,  Newark, 

Ohio.  Messrs.  Fisher  and  Kuchenbecker  are  engineers  at  the 
Autonetic’s  plant  where  the  computer  was  built  in  Anaheim, 
California.  All  of  the  Air  Force  documents,  AFIT  thesis,  and 
other  references  used  for  this  report  are  listed  in  the  bibli¬ 
ography. 

The  documents  at  AFIT  available  for  the  D37C  are  not  as 
complete  as  those  for  the  D17B.  There  are  only  a  few  general 
schematics,  but  every  signal  available  at  the  interface  plug3 
is  well  defined.  This  lack  of  documentation  is  not  a  handi¬ 
cap  for  this  report  or  others  not  involving  hardware  modifi¬ 
cations  of  the  machine.  However,  for  work  in  this  area  one 
might  contact  the  aforementioned  gentlemen  for  information 
concerning  complete  schematics. 

Problem  Statement 

This  section  will  state  the  D37C  conversion  problems  con¬ 
sidered  in  this  report*  It  will  then  mention  the  constraints 
involved  and  the  method  of  attack  chosen. 

Problems.  In  general,  converting  the  D37C  computer  for 
general  purpose  use  involves  supplying  external  support  sys¬ 
tems,  building  monitor  and  control  circuits,  and  expanding  its 
I/O  capabilities.  These  problems  are  listed  and  expanded 
below i 

1)  External  Support  Systems  -  The  support  systems 
include  two  power  supplies  required  for  computer  operation 
that  are  not  in  the  computer  housing.  It  also  includes  a 
cooling  system  sufficient  to  maintain  the  environment  required 
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by  the  circuitry. 

2}  Control  and  Monitor  Circuits  -  The  control  and 
monitor  circuits  shall  provide  an  easy  method  of  controlling 
the  computer’s  modes  and  provide  for  a  simple  memory  loading 
scheme.  It  shall  also  provide  a  means  for  monitoring  the 
the  computer’s  major  modes  and  checking  the  contents  of  select¬ 
ed  registers. 

3)  I/O  Expansion  -  The  input/output  capabilities 
of  the  machine  should  be  expanded  to  include  a  programmed  con¬ 
trolled  I/O  scheme  enabling  the  computer  to  communicate  with 
standard  minicomputer  peripherals  such  as  tape  punch,  tape 
reader,  teletype,  and  others.  It  should  also  be  compatible 
with  existing  Minuteman  systems  at  APIT. 

Constraints.  When  searching  for  solutions  to  these  prob¬ 
lems  certain  constraints  must  be  considered.  The  main  con¬ 
straint  is  the  basic  capabilities  of  the  computer.  Since  it 
was  designed  for  a  special  application  it  has  a  special  instruc¬ 
tion  set,  special  I/O  signals,  and  is  inherently  slow  (clo^k 
rate  is  approximately  350KHz) .  Because  of  these  restrictions 
it  cannot  be  converted  to  perform  in  the  category  of  HP- 2100 *s 
or  PDP-12's  which  were  designed  as  general  purpose  minicompu¬ 
ters.  The  process  of  converting  the  D37C  into  a  general  pur¬ 
pose  computer  should  be  simple  and  inexpensive  while  still 
producing  a  machine  that  is  easy  to  use  and  useful  in  general 
applications.  A  simple  conversion  process  would  be  easy  to 
construct,  troubleshoot,  maintain,  and  provide  an  uncomplicat¬ 
ed  foundation  for  further  study.  An  inexpensive  process  would 
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aid  the  revitalization  of  these  machines  by  civilian  organi¬ 
zations.  Equipment  required  for  conversion  is  restricted  by 
availability.  Because  of  the  time  required  to  receive  new  or 
special  equipment,  the  parts  used  in  this  report  are  those 
that  were  either  on  hand  or  easily  obtainable.  It  is  also 
desired  that  all  systems  be  versatile,  non-restrictive  to  fu¬ 
ture  work,  and  compatible  with  present  API?  Minuteman  systems. 

Method  of  Attack.  The  method  of  attack  is  a  step  by  step, 
feedback  process  to  choose  the  best  solutions  to  the  stated 
problems.  Since  there  is  little  overlapping  of  the  problems, 
each  one  is  considered  separately  while  keeping  in  mind  the 
complete  and  final  system.  After  the  criteria  for  solving  a 
problem  is  set,  all  reasonable  solutions  are  considered.  After 
selecting  a  solution  based  on  the  above  mentioned  constraints, 
it  is  designed  and  implemented.  Once  built,  it  is  tested 
against  the  original  criteria.  A  selected  solution  must  coyer 
the  requirements  specified  in  the  problem  statement  and  fall 
within  the  boundrieb  of  the  constraints  tc  be  accepted.  If 
it  fails  this  test  or  a  better  method  is  discovered,  it  is 
discarded  and  an  alternate  solution  is  designed,  built,  and 
tested. 

Basic  D37C  Computer  Description 

This  section  describes  the  basic  characteristics  of  the 
D37C  computer,  first  by  comparing  it  to  the  DX7B  then  by  dis¬ 
cussing  the  memory,  processor,  and  I/O  units  in  more  detail. 
This  is  intended  only  as  an  introduction  to  the  machine.  For 
a  more  detailed  description  see  Appendix  A. 
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D17B  Comparison.  Both  the  D1?B  and  the  D37C  computers 
were  designed  and  built  by  Autonetics,  a  division  of  North 
American  Rockwell,  for  the  real  time  purpose  of  guiding  and 
controlling  am  ICBM  from  launch  to  detonation.  Because  of 
this,  there  are  mamy  basic  similarities  between  the  two.  They 
are  both  synchronous,  serial  machines  with  fixed  head  disks 
for  primary  memory.  They  have  'two-address  instructions,  half 
and  whole  word  precision,  amd  many  similaur  instruction  oper¬ 
ator  codes.  The  differences  in  the  two  computers  are  based 
mainly  upon  their  differing  technologies.  The  D17B  was  built 
in  1962  using  transistors  and  other  discrete  components  to 
realize  its  logic  circuits  (Ref  6).  On  the  other  hand,  the 
D3?C  was  built  in  1964  using  small  scale  integrated  circuits 
and  discrete  components  only  in  the  internal  power  supplies. 
Table  I  Summarizes  the  comparison  of  the  two  Minutemen  compu¬ 
ters. 

D37C  Characteristics.  The  D3?C  computer  consists  of 
four  main  sections s  the  memory,  the  central  processing  unit 
<CFtJ),  and  the  input  amd  output  units.  These  sections  cure 
enclosed  in  one  case  shown  in  Fig.  1, 

The  memory  is  a  two-sided,  fixed  head  disk  which  rotates 
at  6000rpm.  It  contains  7222  words  of  27  bits.  Each  word 
contains  24  data  bits  amd  three  spacer  bits  not  available  to 
the  programmer  (Ref  4).  The  memory  is  arranged  in  56  cham- 
nels  of  128  words  each  plus  ten  rapid  access  channels  of  one 
to  sixteen  words.  The  memory  also  includes  the  accumulators 
and  instruction  register  (Ref  3). 
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Table  I. 

Comparison  of  D17B  and  D37C 


Model 

D17B 

D37C 

Year 

1962 

1964 

Type 

Serial,  Synchronous 

Same 

Number  System 

Binary,  fixed  point, 

N 

Data  Word  Length 

2's  complement 

11  or  24  bit  (double¬ 

II 

Instruction  Word  Length 

precision) 

24  bit 

0 

Number  of  Instructions 

39 

57 

Execution  Times* 

Add 

78  1/8  us 

Same 

Multiply 

1  ms 

« 

Divide 

(software) 

2  ms 

Clock  Channel 
Addressing 

Memory* 

Word  Length* 
Type* 

Cycle  Time* 
Capacity* 

Input/Output  * 
Input  Line 8 s 

Output  Lines* 


Programs 

Physical  Characteristics* 
Dimensions* 

Power* 

C ircuits  * 


345.6  KHz 
Direct  of  entire 
memory 

24  bits  plus  3  timing 
Ferrous  oxide-coated 
NDP.O  disc 
78  1/8  us  minimal 
5.454  or  2,727  words 
(double  precision) 

48  digital 

28  digital 
12  analog 
3  pulse 

800  5-^it  charac¬ 
ters/sec 

20"  high,  29"  diame- 

28vdc+lv  at  19A 

Discrete  DRL  and 
DTL 


Same 

Direct  w/in 
Bank  (i  of 
memory) 

Same 


0 

14,444  or 
7,222  words 

65  digital 
32  analog 
45  digital 
16  analog 
8  pulse 
Same 


20.9  x  6.9  x 
9»5  inches 
28vdc+1.7v  at 
15A  “ 

IC  DRL  and  DTL 


Software*  Minimal  delay  coding  Same 

machine  language  modu¬ 
lar  special-purpose  sub¬ 
writing 


Reliability* 


5«5  years  MTBF  (classified) 
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Figure  1 


Photograph  of  a  D37C  Computer. 
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The  central  processor  (CPU)  is  a  serial  device  realized 
from  small  scale  integrated  circuits  using  diode-transistor 
logic.  It  contains  57  instructions  including  hardware  multi¬ 
ply  and  divide.  They  also  include  provisions  (flags)  for  al¬ 
tering  or  repeating  instructions.  The  CPU  operates  on  data 
in  the  full  word  (24  bit)  or  half  word  (11  bit)  mode.  Data 
is  represented  as  binary  fractions  in  sign  plus  two*s  comple¬ 
ment  representation  (Ref  3)» 

Both  Minuteman  computers  contain  elaborate  input/output 
units.  These  units  are  designed  for  real  time  operations  of 
gyro  sensing  and  torquing,  accelerometer  reading,  gimbaling 
rocket  engines  and  arming  nuclear  warheads.  Because  of  the 
specialized  nature  of  these  I/O  units  they  are  not  directly 
compatible  with  usual  minicomputer  peripherals.  Overcoming 
this  difficulty  and  adapting  the  I/O  units  to  a  more  conven¬ 
tional  I/O  scheme  is  the  topic  of  a  thesis  by  Lt.  Joseph 
Theriault  entitled  Design  Expansion  of  the  D17B  Computer  In¬ 
put/Output  Facility  for  General-Purpose  Applications.  Adapt¬ 
ing  the  D37C'3  I/O  units  is  the  topic  of  Chapter  IV.  The  in¬ 
put/output  signals,  as  well  as  the  memory  and  CPU,  are  defined 
further  in  Appendix  A. 

Scope  and  Organization 

This  section  defines  the  scope  of  this  report,  explains 
some  of  the  conventions  used,  and  describes  the  structure  of 
the  remaining  text. 

Scope.  This  paper  provides  the  foundation  for  future 
work  on  converting  the  D37C  computer  for  general  use.  It  does 
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so  by  providing  solutions  to  the  problems  involved  in  initial 
set-up  and  operation  of  the  D37C .  This  report  also  presents 
alternate  (some  untried)  solutions  in  case  the  ones  chosen 
here  are  impractical  in  other  situations.  There  is  enough 
information  in  the  body  and  appendix  to  allow  an  average 
Electrical  Engineering  graduate  student  to  perform  equivalent 
work  on  a  bare  D3?C  computer. 

Conventions.  In  order  to  maintain  some  consistency  with 
Kinuteman  documents  and  previous  thesis,  and  to  minimize  con¬ 
fusion,  certain  conventions  will  be  maintained  throughout 
this  report.  Complemented  literals  in  logic  expressions  are 
represented  with  an  appostrophe  rather  than  an  overline,  i.e. 
A*  -  A.  Positive  logic  will  be  used  throughout  except  where 
indicated.  Signals  are  renamed  after  they  are  interfaced 
(.level  shifted) .  The  new  names  are  acronyms  which  better  re¬ 
presents  the  signals*  purpose  or  they  have  one  or  two  letters 
missing  from  the  original  label.  Naming  intermediate  signals 
in  a  circuit  has  been  kept  to  a  minimum  to  avoid  confusion. 

Wiring  labels  for  circuits  are  given  in  three  alphanu¬ 
meric  numbers  as  shown  and  explained  below i 

11-32-3 
1)  2)  3) 

1)  II  -  indicates  the  board.  This  term  will  always 
start  with  a  letter  and  may  be  omitted  if  the  entire  schematic 
is  on  the  same  circuit  board  and  diagram. 

2)  32  -  indicates  an  IC  socket  or  socket  location. 
This  number  can  range  from  1-35  and  may  be  omitted  if  the 
intended  socket  is  the*  card  end  connector. 
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3)  3  -  indicates  a  pin  location.  This  can  range 

from  1-24. 

Structure .  A  structure  was  selected  to  present  the  ma¬ 
terial  in  the  most  logical  and  least  confusing  manner.  Each 
problem  investigated  is  presented  in  a  separate  chapter  because 
the  problems  are  relatively  independent.  As  a  result,  each 
chapter  is  relatively  independent,  containing  all  necessary 
information  for  that  section  and  leaving  unnecessary  details 
for  the  appendix.  Each  chapter  will  contain  the  specifica¬ 
tions,  organization,  design,  and  implementation  for  that  sec¬ 
tion  of  the  system „  This  structure  aids  the  report's  utili¬ 
zation  as  a  handbook  for  building  an  equivalent  system  or  as 
a  guide  for  troubleshooting  and  maintenance.  Because  of  the 
separateness  of  the  chapters,  they  may  be  removed,  updated, 
or  added  to  with  relative  ease. 


( 


12 


GE/jEE/74-16 

II.  External  Support  Systems 

This  chapter  describes  and  develops  the  external  power 
supplies  and  cooling  system  necessary  for  operating  the  D37C 
computer.  The  power  supplies  and  cooling  system  are  presented 
separately  because  the  two  are  relatively  independent  systems 
as  shown  by  the  functional  block  diagram. 


Figure  2.  External  Support  Systems,  Block  Diagram. 

Power  Supplies 

Specifications .  There  are  two  external  power  supplies 


requ  red  to  operate  the  D37C  computer.  One  is  a  28v  DC  sup¬ 
ply  required  for  the  electronics  and  the  other  is  a  400Hr  AC 
supply  for  the  memory  motor  (disk  memory).  Specifications  for 
the  electronic's  power  supply  require  +28.0*1.70  volts  at  15 
amperes  maximum.  Ripple  and  noise  is  restricted  to  60  milli¬ 
volts  peak  to  peak  maximum  and  the  supply's  internal  impedance 
shall  be  as  follows  (Ref  5)* 
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Frequency  Impedance  (ohms) 

dc  to  1  KHz  <  .05 

lKHz  to  lOOKHz  <0.7 

lOOKHz  to  500KHz  <  6 

The  memory  motor  supply  shall  be  3-phase.  3-wire  AC  with  a 
frequency  of  400*4Hz.  Phase  rotation  shall  be  ABC  with  dis¬ 
placement  between  adjacent  phases  of  120*2  degrees.  Steady- 
state  peak  voltage  between  phases  shall  be  2?. 25*0 *82  volt3. 
Current  required  is  4.5  amperes  per  phase  with  peaks  of  10 
amperes  for  no  more  than  4  seconds  (Ref  5).  The  AC  wave  form 
specified  is  in  Fig.  3. 


Figure  3»  Specified  Memory  Power  Wave  Form. 


There  are  a  few  additional  requirements  concerning  the 
computer’s  external  power  supplies*  For  instance,  primary 
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power  (28vdc)  must  be  disabled  within  10  milliseconds  if  the 
voltage  exceeds  +30.3vdc.  Also,  modules  should  not  be  installed 
or  removed  from  the  computer  chassis  if  any  power  is  on  except 
memory  power.  Memory  power  may  be  on  with  primary  power  off 
but  the  converse  is  not  true.  Also  primary  power  should  not 
be  on  without  a  complete  set  of  modules  in  the  machine.  At 
initial  turn  on  only,  over-current  surges  may  exist  for  a  max¬ 
imum  of  45  milliseconds.  Finally,  the  memory  power  current 
should  stabilise  at  3*3  ampere  or  less  when  the  disk  reaches 
synchronous  speed  (or  approximately  six  seconds  after  turn  on) 
(Ref  5). 

Organisation.  The  specifications  mentioned  are  those 
required  for  a  test  situation  in  which  the  conditions  on  board 
the  rocket  must  be  simulated.  The  primary  power  specifica¬ 
tions,  therefore,  are  designed  to  simulate  a  battery  or  bat¬ 
tery-generator  source  in  the  missile.  It  is  also  assumed  the 
memory  power  requirements  are  designed  to  simulate  the  output 
of  a  solid  state  AC  generator  package  which  is  also  on  board 
the  missile.  Because  of  the  criteria  behind  the  strict  power 
specifications,  it  may  be  necessary  to  relax  the  requirements 
in  order  to  utilise  available  equipment.  For  instance,  con¬ 
versations  with  Mr.  Fisher  and  examination  of  surplus  memory 
teat  equipment  indicate  the  memory  waveform  may  be  replaced 
by  a  22vrms  sine  wave.  This  is  important  because  in  many  ap¬ 
plications  a  400Hx  sine  wave  will  be  much  easier  to  produce 
than  the  specified  waveform. 

Many  solutions  to  the  external  power  problem  become  pos- 
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sible  if  one  keeps  in  mind  that  specifications  may  be  relaxed 
for  a  less  harsh  environment  such  as  a  classroom  or  labora¬ 
tory.  Both  supplies  may  be  built  from  scrath  or  bought  if 
commercially  available.  The  primary  power  may  be  sourced  from 
batteries,  a  power  supply  to  convert  line  AC  to  28Vdc,  or  by 
a  motor-generator  device.  The  memory  power  may  be  supplied  by 
a  circuit  built  to  produce  the  specified  waveform  or  by  a  mo- 
tor-alternator  combination  to  produce  sine  waves.  There  is 
also  the  possibility  of  converting  a  memory  motor  supply  from 
&  scrap  D17B  computer  since  the  power  requirements  are  very 
similar. 

Design.  The  easiest  available  method  of  supplying  power 
to  the  computer  was  chosen  for  AFIT's  applications.  This  con¬ 
sists  of  taking  advantage  of  an  elaborate  power  generation 
and  distribution  system  located  in  AFIT’s  school  of  engineer¬ 
ing.  A  centrally  located  generator  room  is  capable  of  supply¬ 
ing  both  the  28vdc  at  15  amperes  and  the  400Hx  3  phase  power 
for  the  memory  motor.  Power  from  this  room  is  routed  through¬ 
out  the  building  and  available  at  power  panels  in  each  labora¬ 
tory.  This  system  of  power  has  proven  sufficient  and  reliable 
for  running  a  D17B  computer  which  also  requires  28vdc. 

The  power  supply  section  of  the  computer  console  at  AFIT 
includes  step  down  transformers  for  the  memory  power  and  addi¬ 
tional  power  supplies  for  console  electronics.  The  normal  op¬ 
erating  range  for  AFIT’s  400Hs  alternator  is  125  to  250V  and 
is  therefore  unstable  at  22vrms.  To  counteract  this,  trans¬ 
formers  are  used  in  the  console  to  step  down  the  voltage.  The 
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computer  power  system  is  combined  with  power  supplies  for  other 
circuitry  to  provide  a  centralized  power  location  in  the  con¬ 
sole.  These  additional  supplies  include  regulated  +5,  +12, 
and  -12vdc  sources. 

Realisation.  Implementing  this  type  of  power  system  in¬ 
volves  fabricating  cables  to  run  the  power  from  panel  to  con¬ 
sole,  building  a  distribution  system  inside  the  console,  wiring 
step  down  transformers  for  memory  power,  and  providing  appro¬ 
priate  safeguards  and  power  control.  Fig.  4A  shows  a  schema¬ 
tic  of  the  computer  power  system.  The  dc  power  is  provided 
with  a  20  amp  circuit  breaker  to  control  the  power  and  to  pro¬ 
tect  the  computer  from  over  currents.  There  are  also  circuit 
breakers  on  the  power  distribution  panel  for  additional  pro¬ 
tection. 

The  memory  power  voltage  is  stepped  down  with  two  trans¬ 
formers.  Each  transformer  is  actually  composed  of  two  6«3v 
filament  transformers  with  the  primaries  in  parallel  and  se¬ 
condaries  in  series.  The  transformers  were  designed  for  60Hs 
but  operate  well  at  4O0Hs  since  the  cores  have  less  time  to 
saturate.  Each  secondary  can  supply  6A  continuously.  The  22 
vrms,  kOOHz  power  is  supplied  to  the  computer  when  180vrms  is 
applied  to  the  primaries.  Switching  memory  power  is  done  with 
the  circuit  breaker  switch  on  the  power  panel. 

The  schematic  for  the  console  power  supplies  is  shown  in 
Fig.  4b.  Power  supplies  salvaged  from  surplus  equipment  sup¬ 
ply  the  regulated  current  required  by  the  console  electronics. 
Each  is  fused  for  its  maximum  output  and  switched  with  a  corn- 
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mon  power  switch. 

There  are  two  grounds  or  commons  in  the  console  which  are 
called  chassis  ground  and  signal  ground.  The  chassis  ground 
is  to  prevent  shock  and  ether  electrical  hazards  when  working 
with  the  console.  The  ground  line  from  the  115v  ac  source, 
the  panel  ground,  and  the  ground  wire  from  the  400Hz  alterna¬ 
tor  are  all  tied  to  chassis  ground.  Neither  side  of  the  115v 
ac  source  is  tied  to  either  ground.  The  signal  ground  acts 
as  a  power  return  for  all  dc  sources  and  as  a  common  for  all 
signals.  The  negative  side  of  the  +28,  +5  and  +12vdc  sources, 
and  the  positive  side  cf  the  ~12vdc  supply  are  tied  to  signal 
ground.  The  two  grounds  are  net  intended  to  be  tied  together 
ir.  the  console  though  this  nay  occur  with  no  problem  (for  in¬ 
stance,  another  experiment  using  the  power  panel  may  tie  the 
-28vdc  to  ground). 

Power  distribution  in  the  console  originates  at  the  Power 
>istribution  Unit  (PDU).  The  PDU  acts  as  &  patch  panel  for 
firing  the  power  systems  and  provides  a  central  location  for 
>ower  troubleshooting  and  powtr  routing.  Each  circuit  board 
.n  the  console  has  its  own  power  and  signal  ground  lines  run- 
ling  to  the  PDU.  This  was  done  to  eliminate  some  accumulated 
i  oise  on  the  power  lines  and  to  insure  that  multiple  connec- 
i ions  did  not  reduce  the  voltages.  The  PDU  is  illustrated  in 
Pig.  5. 

C  ioling  System 

Specifications .  The  cooling  requirements  for  the  D37C 
ccmputer  are  given  in  the  Test  and  Recycle  Specs  (Ref  5).  The 
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computer’s  electronics  are  completely  enclosed  in  a  metal  cas¬ 
ing  and  cooled  by  coolant  circulating  through  the  casing’s 
hollow  walls.  The  liquid  coolant  is  a  water  solution  of  -.1 
to  .22  percent  by  weight  of  sodium  chromate  and  distilled  or 
deionised  water  haying  a  minimum  specific  resistance  of  175*000 
ohms.  The  temperature  of  the  water  shall  be  +40  (+10,  -5) 
degrees  P  at  the  inlet  and  +56  (+7,  -4)  at  the  outlet  and  at 
no  time  should  the  outlet  temperature  exceed  70  degrees  P 
(Kef  5)»  The  cooling  system  must  remove  350  watts  of  heat 
dissipated  by  the  computer. 

Organization.  The  mentioned  specifications  are,  as  before, 
designed  to  simulate  a  rocket  environment  for  testing  purposes. 
The  requirements  may  have  to  be  relaxed  to  utilize  available 
equipment.  This  is  feasible  as  long  as  a  suitable  environment 
for  the  circuits  is  maintained.  The  computer  may,  in  fact, 
be  operated  outside  the  specified  ta»p$ratu re  range  as  long 
as  aois+ure  does  not  form  on  the  inside  walls  (too  cold)  cr 
as  long  as  the  outlet  temperature  does  not  exceed  70°P  (Ref  5). 
Relaxing  the  cooling  requirements  results  in  a  wide  range  of 
possible  solutions  including  air  cooling. 

The  computer  cooling  system  may  consist  of  any  combina¬ 
tion  of  open  loop  or  closed  loop  systems  using  either  liquid 
or  air  heat  transport.  A  refrigeration  unit  may  be  used  to 
remove  heat  from  the  coolant  or  the  computer  itself  say  be  used 
as  an  evaporator  in  a  refrigeration  cycle.  Tap  water  may  keep 
the  computer  cool  in  an  open  loop  system.  To  keep  hard  water 
deposits  from  clogging  the  cooling  ducts,  tap  water  say  be  used 


21 


GE/Ee/?4-16 


to  remove  heat  from  a  coolant  in  a  combined  open  and  closed 
loop  system.  Other  cooling  systems  may  include  removing  the 
computer  covers  and  forcing  air  in  and  around  the  circuits  to 
cool  them  directly. 

Design.  The  system  selected  for  cooling  the  D3?C  uses 
forced  air  and  circulating  liquid.  Since  no  refrigeration 
unit  or  tap-and-drain  were  available,  this  system  was  chosen 
as  the  most  effective  and  easiest  to  implement.  The  D37C  was 
not  designed  for  air  cooling  but  air  can  be  forced  down  between 
the  circuit  boards  and  around  the  IC *a.  At  the  same  time, 
distilled  water  circulates  through  the  walls  to  lower  heat 
gradients  and  to  cool  those  parts  not  sufficiently  cooled  by 
air.  In  this  way,  the  IC’s  act  as  their  own  radiators  and  are 
cooled  more  directly  instead  of  the  heat  traveling  first  to 
the  computer  walls.  This  justifies  cooling  with  room  tempera¬ 
ture  air  (around  70°F)  and  allowing  the  coolant  to  raise  above 
?0°F.  Removing  a  cover  for  air  cooling,  however,  increases 
tfco  possibility  of  dust  and  foreign  objects  entering  the  casing. 
Precautions  should  be  taken  to  keep  the  insides  clean  because 
of  the  closeness  of  IC  leads  and  the  possibility  of  foreign 
object  shorts. 

Realization.  This  system  was  implemented  with  four  "Muf¬ 
fin"  fans  to  circulate  the  air  and  a  small  pump  to  circulate 
the  liquid  (see  Fig.  6).  The  four  fans  are  capable  of  circu¬ 
lating  two  to  four  hundred  cubic  feet  of  air  per  minute.  Be¬ 
cause  obstructions  in  the  casing  prohibit  flow  through  air, 
only  one  cover  was  removed.  The  side  of  the  computer  opposite 
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the  cable  connectors  was  removed  and  the  fans,  bolted  together, 
were  placed  over  the  center  of  the  circuit  boards  on  the  card 
end  protectors.  This  leaves  approximately  one  inch  on  either 
side  of  the  fans  for  exhaust  air.  Some  "horse-hair"  packaging 
material  was  placed  over  the  fan  intakes  for  crude  filtering. 
Flanges  on  the  fan  assembly  prevents  objects  from  dropping  into 
the  computer  housing  and  acts  as  a  manifold  to  reduce  recircu¬ 
lated  air.  A  pump  with  two  to  three  gallons  per  minute  capa¬ 
city  was  placed  on  the  shelf  with  the  computer  and  connected 
with  plastic  hoses.  No  special  hose  connectors  -are  necessary 
since  the  friction  fit  is  water  tight.  The  whole  system  is 
controlled  by  a  front  panel  switch  as  indicated  in  Fig.  4b. 

This  system  is  not  sufficient  for  continuous  duty  but  is 
the  most  effective  cooling  scheme  available.  The  circulating 
liquid  temperature  gradually  increases  when  the  system  is  run- 
*  ning.  When  the  temperature  reaches  100°F  (about  20  minutes) 

the  primary  power  is  removed  while  the  system  cools  or  while 
the  liquid  is  replaced. 

Conclusion 

Summary.  It  has  been  shown  that  external  systems  for  the 
i  BIT C  computer  cam  be  implemented  easily.  This  has  been  done 

by  supplying  the  needs  of  the  computer  rather  than  trying  to 
meet  the  specifications  designed  to  simulate  a  rocket  environ¬ 
ment.  These  mentioned  systems  are  just  one  solution  of  many 
that  can  be  built.  Simpler  systems  and  more  complex  systems 
are  possible.  For  example,  the  power  circuit  may  be  expanded 
to  an  automatic  system  that  shuts  off  when  temperature  or  vol- 
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tages  get  out  of  tolerances > 

There  is,  presently,  an  additional  constraint  for  build¬ 
ing  systems  at  AFIT,  The  D 3?C  computer  AFIT  possesses  is 
classified  “secret*’  due  to  previous  information  on  the  memory 
disk*  It  is  necessary,  therefore,  to  remove  the  computer  from 
the  console  and  put  it  in  a  safe  after  each  day*s  use.  This 
means  that  every  system  associated  with  the  computer  must  be 
easily  connected  and  disconnected.  This  constraint  will  not 
be  present  when  the  computers  become  surplus. 

System  Interconnection.  The  external  support  systems  are 
located  in  the  cabinet  as  shown  in  Fig.  ?  and  electrically 
interconnected  as  shown  in  Fig.  4.  The  power  shelf  (bottom) 
pulls  out  to  provide  easy  access  to  the  Fewer  Distribution 
Unit  (PDU)  and  power  supplies.  The  computer  3helf  also  pulls 
out  to  allow  easy  hook  up  of  power,  cooling  and  cables.  All 
switches  for  power  and  cooling  are  located  on  the  front  panel. 

Recommendations .  The  following  recommendations  are  made 
in  the  interest  of  improving  the  system  or  as  experiments  to 
better  understand  the  limits  of  the  machine. 

1,  Because  of  the  closeness  of  circuits  in  the  com¬ 
puter  there  is  a  chance  of  foreign  object  shorts  with  the  pre¬ 
sent  cooling  system.  It  is  recommended  that  the  computer  be 
cooled  only  with  a  liquid  system  of  continuous  duty  cycle  if 
the  equipment  becomes  available.  Until  then,  efforts  for  a 
better  filtering  system  would  increase  the  present  system 9 s 
reliability  by  keeping  the  close  circuit  leads  clean. 

2.  The  power  system  may  be  expanded  to  include  con- 
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sole  switching  and  automatic  monitoring  devices.  Such  a  sys¬ 
tem  would  add  complexity  but  it  may  also  increase  protection 
from  power  faults. 

3.  As  an  experiment,  the  speed  of  the  computer  could 
be  increased  by  increasing  the  frequency  of  the  memory  motor 
power.  Since  the  memory  motor  is  a  three  phase  synchronous 
motor  it  can  be  made  to  run  faster  by  increasing  the  power 
frequency.  In  turn,  since  the  clock  and  other  timing  pulses 
come  from  tracks  on  the  disk  the  whole  computer  would  work 
faster.  Before  this  is  attempted,  however,  there  are  many 
considerations  to  make.  There  is  some  indication  in  Reference 
3  of  the  electronics  being  capable  of  a  one  mega  He  clock  which 
is  almost  a  three  fold  increase.  The  motor,  however,  is  not 
expected  to  operate  that  fast  (almost  ISOOOrpa).  The  reduced 
motor  torque  caused  by  higher  frequencies  can  be  offset  some 
by  increasing  the  voltage.  However,  the  bearing  wear  and  disk 
stresses  are  unknown  at  higher  speeds.  The  read  and  write 
heads  may  also  be  unreliable  at  higher  speeds.  In  all,  the 
total  increase  in  computer  speed  cannot  be  expected  to  be  much 
over 
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III.  Control  and  Monitor  Systems 

After  supplying  the  computer  with  proper  power  and  cooling 
systems,  it  is  necessary  to  control  and  monitor  its  functions 
before  it  is  suitable  for  any  application.  This  is  done  by 
properly  controlling  the  computers  modes  and  developing  a  sim¬ 
ple  memory  loading  scheme.  In  order  to  monitor  the  computers 
functions  the  major  modes  must  be  indicated  and  the  contents 
of  selected  registers  must  be  displayed.  In  effect,  the  moni¬ 
tor  and  control  circuits  provide  simple  I/O  for  the  computer 
which  alone  may  be  sufficient  for  many  applications.  The  mon¬ 
itor  and  control  systems  fit  into  the  total  system  as  shown  in 
Pig.  8. 

Interfacing 

Interfacing  the  computer’s  signals,  matches  voltage  lev¬ 
els,  impedances,  and  current  requirements  to  ih3  external  (TTL) 
logic  circuits.  This  is  necessary  because  the  external  logic 
is  realized  from  TTL  sa&ll  and  medium  scale  integrated  cir¬ 
cuits,  These  circuits  were  ussd  instead  of  building  compati¬ 
ble  discrete  logic  because  they  were  available t  easy  to  design 
with,  came  in  logic  “blocks*  of  several  gates  par  chip,  and 
have  relatively  high  noise  immunity,  Kost  computer  signals 
vary  from  -15  +12  volts  and  are  therefore  incompatible  with 

the  0  to  +5  voltage  levels  of  TTL  logic.  Nearly  all  of  the 
signs! e ,  both  input  and  output,  may  be  interfaced  by  using 
line  drivers  and  line  receivers  in  10  fora.  Some  require  op¬ 
erational  amplifier  circuits  and  others  need  inverters  to  con- 
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vert  from  negative  to  positive  logic. 

The  following  investigation  will  indicate  if  a  signal  has 
•  to  be  interfaced  or  if  it  is  compatible  with  the  circuit.  For 
a  complete  listing  of  interfaced  signals  and  schematics  see 
Appendix  B. 

Mode  Control  and  Monitor 

Controlling  and  monitoring  the  computers  modes  of  oper¬ 
ation  requires  some  very  simple  circuits.  It  is  necessary, 
however,  to  have  some  understanding  of  the  modes  and  how  the 
computer  functions  (Ref  5. Ilf  and  3). 

Major  Modes.  The  computer  can .operate  in  several  modes 
and  subaede8  which  are  of  particular  interest  to  the  operator/ 
programmer.  These  modes,  with  descriptions,  are  listed  belowt 

1)  Compute  Mode  -  While  in  this  mode  the  computer  exe- 
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cutes  an  internally  stored  program. 

la)  Single  Cycle  Submode  -  In  this  submode , 
the  computer  executes  one  stored  instruction. 

2)  Noncompute  Mode;  Load  -  In  this  mode  the  compu¬ 
ter  is  capable  of  receiving  information  on  the  character  input 
lines  (Ref  5) •  This  mode  and  the  character  lines  are  used  for 
program  loading  and  are  discussed  later. 

2a)  Pill  Submode  -  This  is  a  submode  of  the 
above  Noncompute,  Load  Mode  and  is  the  mode  which  information 
may  be  entered  into  the  computer  memory. 

2b)  Verify  Submode  -  In  this  mode  the  contents 
of  computer  memory  may  be  verified  (or  compared)  against  in¬ 
formation  on  the  character  input  lines. 

3)  Noncompute  Modes  Nonload  -  The  noneompute-non- 
load  mode  is  defined  by  the  following  major  submodes. 

3a)  Sync  Submode  -  In  this  mode  the  computer's 
electronic  section  is  brought  into  synchronisation  with  the 
rotating  disk  memory.  This  is  done  by  synchronising  the  bit 
counter  with  the  sector  track  (see  Appendix  A). 

3b)  Manual  Halt  Submode  -  In  this  mode  the 
computer  is  in  a  wait  state. 

3c)  Program  Halt  Submode  -  This  mode  is  en¬ 
tered  from  the  compute  mode  by  an  executed  instruction.  In 
this  mode  the  computer  is  in  another  wait  state. 

3d)  Conditional  Fill  Submode  -  This  mode  pro¬ 
vides  a  security  precaution  to  prohibit  unauthorised  personnel 
from  loading  the  computer  memory.  It  prohibits  entry  into  the 
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fill  submode  unless  the  first  four  words  entered  agree  with 
the  first  four  words  of  channel  12,  bank  0, 

4)  Interruption  and  Recovery  Mode  -  During  this 
mode  the  computer,  upon  detection  of  a  simulated  transient 
disturbance,  will  interrupt  normal  operations,  enter  a  dormant 
state,  and  then  recover  to  the  same  program  location. 

Specifications  and  Organization.  It  is  desired  to  have 
some  control  over  the  computer's  transitions  between  modes  and 
to  have  some  indication  of  the  current  operating  mode. 

Two  of  the  modes  serve  little  use  in  general  purpose  ap¬ 
plications  and  are  therefore  eliminated  or  disabled.  These 
modes  are  the  conditional  fill  submode  and  the  interruption 
and  recovery  mode.  Por  most  applications  the  security  facet 
of  the  conditional  fill  mode  is  net  needed  and  only  serves  to 
hinder  the  entrance  into  fill  mode.  The  conditional  fill  mode 
may  be  bypassed  by  enabling  the  Psc  line  and  applying  a  true 
signal.  The  line  is  enabled  by  making  an  electrical  connec¬ 
tion  on  Logic  No.  10,  connector  J216,  between  test  points  B36 
and  B32  (Ref  5).  Once  this  is  done  the  fill  mode  may  be  en¬ 
tered  directly  by  applying  a  true  (-4  to  -24  vdc)  to  Psc.  The 
interrupt  and  recover  mode  forces  the  computer  into  a  dormant 
state  (all  internal  power  supplies  disabled)  which  would  have 
little  use  in  most  applications.  The  interrupt  mode  may  be 
avoided  by  not  programming  a  simulated  random  dump  (SRD)  in¬ 
struction  and  applying  a  false  signal  to  the  Idt  input  term. 

A  false  for  the  Idt  term  is  +12+8  vdc  input  or  an  open  cir¬ 
cuit  (Ref  5).  Controlling  the  remaining  modes  is  necessary 
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for  effective  computer  control. 

The  sync  mode  must  be  entered  each  time  the  machine  is 
turned  on  in  order  to  synchronise  the  computer.  The  sync  mode 
is  entered  by  applying  a  true  signal  on  the  master  reset  line 
(Mrc)  for  a  minimum  of  55  psec  after  the  memory  has  reached 
synchronous  speed.  A  true  for  Mrc  is  -15  (**-11,-12)  vdc  and  a 
false  is  +12+8  vdc  or  an  open  circuit.  The  computer  automa¬ 
tically  exits  the  sync  mode  to  the  manual  halt  mode  (Ref  5). 

The  compute  mode  is  entered  only  from  the  manual  halt 
■ode  in  one  of  two  ways.  Normal  execution  is  started  by  chang¬ 
ing  the  halt  prime  (Khc')  input  signal  from  false  to  true  for 
at  least  200  microseconds.  Halt  prime  may  then  return  to 
false.  The  single  cycle  prime  (Ksk*)  input  signal  remains 
true  throughout  the  sequence.  The  compute  mode  may  also  be 
entered  for  the  execution  of  one  instruction  and  then  returned 
to  aanual  halt  by  the  initiation  of  the  single  cycle  sequence. 
This  sequence  calls  for  Ksk'  to  change  from  true  to  false  then 
Khc'  is  changed  to  true  for  at  least  200  microseconds.  Then 
Khc'  returns  to  false  and  Ksk*  returns  to  true  (Ref  5)«  Timing 
diagrams  for  both  of  these  sequences  and  voltage  levels  for 
the  signals  are  given  in  Fig.  9. 

As  mentioned  earlier,  a  true  signal  on  the  Fsc  line  will 
put  the  computer  into  noncompute -load  mode  from  either  the 
manual  halt  or  program  halt  modes.  Once  in  this  mode,  char¬ 
acter  inputs  to  the  computer  may  be  made  as  described  in  the 
Program  Load  section  of  this  chapter.  The  character  inputs 
can  change  the  computer  modes  as  well  as  load  the  memory. 
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Commands  can  be  given  to  change  from  the  fill  submode  to  the 
verify  submode  or  from  verify  to  fill*  A  compute  command  re¬ 
moves  the  computer  from  noncompute-load  and  enters  it  into 
manual  halt.  A  halt  command  changes  it  to  program  halt  (Ref  5). 

The  manual  halt  submode  may  be  entered  several  ways.  It 
may  be  entered  from  compute  by  the  single  cycle  sequence  already 
mentioned  or  by  the  following  sequence  of  inputs.  Initially 
the  halt  prime  (Khc')  signal  changes  to  a  quiescent  false 
state.  Tnen  run  prime  (Krk' )  changes  from  false  to  true.  The 
single  cycle  prime  (Ksk*)  signal  will  remain  true  throughout 
the  sequence,  see  Pig.  9  (Ref  5),  This  same  signal  sequence 
will  enter  the  computer  into  manual  halt  from  program  halt. 
Manual  halt  may  also  be  entered  from  load  mode  by  a  compute 
command,  as  mentioned  in  the  preceeding  paragraph,  or  by  a 
parity  or  verify  error  (see  program  load  section).  Exit  from 
the  manual  halt  mode  may  be  to  compute  or  noncompvte  -load,  by 
methods  already  described. 

The  program  halt  setmode  may  be  entered  in  one  of  two 
ways.  One  is  by  a  halt  instruction  executed  while  in  compute. 
The  other  way  is  by  a  halt  command  entered  while  in  noncompute- 
load  mode.  The  computer  will  return  to  the  load  mode  given 
a  true  Psc  term.  It  may  also  leave  program  halt  and  enter 
manual  halt  by  the  sequence  of  instructions  already  described 
in  the  paragraph  on  the  manual  halt  mode. 

The  state  diagram  in  Pig.  10  illustrates  the  possible 
state  changes  and  how  they  are  made.  It  should  be  noted  that 
entry  into  the  noncompute-load  mode  does  not  insure  entry  into 
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-  Initiated  by  sequence  in  Fig.  9a 

-  Initiated  by  sequence  in  Fig.  9c 

-  Initiated  Dy  sequence  in  Fig.  9b 

.  -  Automatic  or  computer  controlled  transistion 

-  Initiated  from  execution  of  store  instruction 

-  Initiated  when  Fsc  =  F  and  a  character  is  presented 

on  the  character  input  lines 

-  Initiated  when  Fsc  =  T 

-  Character  input ■ commands 
a  -  Compute 

b  -  Fill 
c  -  Verify 
d  -  Halt 

-  Initiated  by  error  condition 
a  -  Parity 

b  -  Verify 


Figure  10.  State  Transition  Diagram  for  Major  Modes 
(page  2  of  2) 
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the  fill  subraode,  although,  this  is  usually  the  case. 

There  are  several  output  signals  from  the  computer  avail¬ 
able  to  indicate  its  current  operating  mode.  The  modes  and 
and  corresponding  signal  states  2re  listed  in  Table  II  (Ref  5) • 
The  terms  circled  are  those  that  will  be  used  to  indicate  the 
computer's  mode*  One  exception  to  this  is  the  sync  mode.  The 
Syt*  term  is  false  when  the  computer  is  synchronized  and  true 
when  it  is  not,  so  this  term  will  be  monitored  as  a  warning 
against  non-synchronization  and  not  as  an  indicator  of  the 
sync  mode.  This  will  better  serve  the  ope rater/ programmer 
since  non-synchronization  prohibits  proper  operation. 

Design  and  Realization.  There  are  at  least  two  alter¬ 
natives  in  supplying  appropriate  switch  and  circuit  combina¬ 
tions  which  allow  an  operator  to  control  and  monitor  the  com¬ 
puter's  modes.  One  is  to  supply  a  button  for  each  mode  and 
submode ,  thereby  allowing  selection  of  any  mode  by  pressing  a 
single  button.  This  method  would  require  complicated  sequen¬ 
tial  circuits  that  wouid  initiate  proper  signal  changes  and 
mode  transitions.  For  example,  to  enter  the  computer  into 
program  halt  from  compute  by  pressing  a  button*  the  computer 
would  first  have  to  go  to  manual  halt*  then  load  mode,  and 
finally  program  halt.  A  simpler  method  of  providing  mode  con¬ 
trol  assumes  the  operator  has  some  knowledge  of  allowable  mode 
transitions  and  provides  input  signal  control  with  minimal 
logic.  This  method  is  similar  in  design  to  that  used  on  the 
D17B  console  at  AFIT.  Using  this  method,  therefore,  provides 
simple  control  circuits  and  switches  with  functions  that  are 
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already  familiar  to  the  personnel  in  AFIT's  minuteman  labora¬ 
tory. 

The  simplest  of  the  mode  control  circuits  provide  levels 
for  the  Mrc  and  Fsc  lines  which  controls  entrance  into  sync 
submode  and  noncompute-load  mode,  respectively.  Momentary 
contact  pushbuttons  are  used  to  supply  a  -12-1  vdc,  or  True 
level,  on  the  line  when  pressed^and  an  open  circuit,  or  False 
level,  when  released.  These  switches  will  be  labelled  MASTER 
RESET  for  the  Mrc  terra  and  INITIATE  LOAD  for  the  Fsc  term. 

The  schematic  is  shown  in  Fig.  11. 


Figure  11.  Master  Reset  and  Initiate  Lead. 


Entrance  into  the  single  cycle,  compute,  and  manual  halt 
modes  is  controlled  by  two  switches  labelled  RUN/RALT  and 
SINGLE  CYCLE.  These  switches  are  de bounced  and  combined  with 
a  monostable  multivibrator  to  generate  the  proper  sequencing 
(see  Fig.  9)  for  the  KsK*,  Khc*t  and  KrK*  terms.  Debouncing 
is  required  to  prohibit  multiple  triggering  and  the  monostable 
provides  the  proper  pulse  width  for  Khc*.  The  KsK*,  Khc*,  and 
KrK*  terms  are  interfaced  and  at  TTL  levels  they  are  called 
SS*,  Hit*,  and  Rn*,  respectively.  The  schematics  for  these 
circuits  are  shown  in  Fig.  12.  Note  that  the  SS  term  is  inver 
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ted  at  the  interfacing  circuits. 


Figure  12.  Mode  Control  Circuit. 


Of  the  remaining  modes,  program  halt,  fill,  and  verify 
will  be  controlled  by  an  internally  stored  program  or  by  the 
churcter  inputs,  which  will  be  discussed  in  the  section  on 
Program  Loading. 

The  mode  indicators  arc  driven  by  the  signals  referred 
to  by  the  circled  states  on  Table  II.  Except  for  interfacing 
and  inverting,  the  only  modes  that  require  logic  circuits  are 
fill  and  verify.  The  following  boolean  formulas  can  be  taken 
directly  from  the  table. 

Pill  =  UCc  .  03X*  Verify  =  LKc  •  03K 

The  schematics  for  these  and  all  other  modes  and  error  indi¬ 
cators  are  shown  in  Fig.  13.  Note  that  open  collector  gates 
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Figure  12*  Mode  and  Error  Indicators 
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are  used  to  drive  the  lampa* 

Program  Loading 

Once  a  set-hod  is  devised  to  control  tho  particular  oper¬ 
ating  modes  of  the  machine  it  is  necessary  to  have  some  'Way  of 
programming  it.  There  are  several  ways  to  input  information 
into  the  computer  memory  while  it  is  in  the  compute  mods,  but 
these  are  not  useful  for  initial  start  up  if  there  is  not  some 
hind  of  software  loader  already  present.  Therefore,  this  sec¬ 
tion  will  develop  the  circuits  necessary  to  input  information 
on  the  character  input  lines  which  are  activated  in  the  non- 
coapute-load  mode. 

Specif icatlo n  and  Organisation,  The  character  inputs 
ware  designed  to  load  the  memory  fr on  a  paper  tape  reader  or 
eis-il&r  device.  The  computer  can  accept  five  tit  characters 
up  to  800  per  second.  The  characters  consist  of  four  infor¬ 
mation  bits  plus  one  odd  parity  bit.  The  character  codes  re¬ 
present  the  octal  digits  and  commands  listed  in  Table  III, 

When  the  octal  codes  ars  entered,  the  contents  of  the  Lower 
Accumulator  are  shifted  to  the  left  three  bits  and  the  octal 
digit  is  entered  in  the  rightmost  three  bits.  The  control 
commands  have  the  following  functions.  The  "Halt"  command 
enters  the  computer  into  the  program  halt  mode,  "Location* 
command  enters  the  contents  of  the  Lower  Accumulator  into  the 
Instruction  register,  "Fill*  and  “Verify"  enters  the  compu¬ 
ter  into  those  respective  subac^es.  "Compute"  enters  the  com¬ 
puter  into  manual  halt  mode,  "Enter"  enters  (or  compares,  if 
in  verify  submode)  the  contents  of  the  Lower  Accumulator  into 
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Octal  Numbers 

0 

1 

2 

3 

4 

5 

6 
7 


Gentl'd  Commands 

Halt 

Location 

Fill 

Verify 

Compute 

Enter 

Glear 

Delete 


I 


Table  III. 

Character  Input  Codes 
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13  12  II 

0  0  0 

0  0  1 

0  10 
Oil 
10  0 
10  1 
110 
111 


0  0  0 

0  0  1 

0  10 
oil 
10  0 
10  1 
110 
iii 
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(with)  the  memory  location  specified  by  the  contents  of  the 
Instruction  register.  The  Instruction  register  is  then  inere- 
nented,  "Clear”  clears  the  Lower  Accumulator.  Finally  "Delete" 
erases  or  deletes  the  last  code  entered.  The  codes  are  entered 
on  five  lines  labelled  lie  through  I5c  and  are  clocked  in  by 
the  terms  Tc  and  Tc*.  Input  signal  Tc  is  used  to  clock  in 
signals  with  switch  bounce  and  Tc*  is  used  for  a  bounceless 
source  (Ref  5,  27).  In  either  case  the  character  lines  must 
be  stable  prior  to  or  within  10  microseconds  after  the  clock 
changes.  Then  all  must  remain  stationary  for  a  minimum  of 
150  microseconds.  The  transition  time  of  all  signals  is  im¬ 
material. 

An  additional  signal  is  necessary  to  load  the  cold  chan¬ 
nels  of  memory.  The  write  enable  signal.  Ewe,  must  be  true 
(+22  -  +39  vdc)  to  write  in  the  cold  channels,  if  this  sig¬ 
nal  is  false  (open  circuit)  at  shut  down,  the  information  in 
cold  storage  will  be  saved  for  the  next  start. 

Design  and  Realization.  It  is  possible  to  input  the 
characters  with  five  switches  for  the  code  and  a  button  to 
enter  it.  This  method,  however,  makes  programming  a  long  and 
tedious  process.  It  is  also  very  susceptible  to  human  error 
since  five  separate  switches  must  t-e  set  for  each  character. 
Because  of  this  handicap  it  ic  better  to  sacrifice  some  cir¬ 
cuit  simplicity  to  aid  tb*  programmer.  By  using  a  keyboard 
and  some  logic,  a  character  can  be  entered  by  pressing  one 
buttes*,  thereby  speeding  the  operation  and  asking  it  more  re¬ 
liable.  Because  the  logic  1?  used,  all  the  signals  must  be 
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interfaced. 

Besides  loading  from  the  console  keyboard  it  may  be  de¬ 
sired  to  add  other  peripherals  to  the  character  inputs.  For 
this  reason,  the  character  and  clock  lines  are  bus  structured 
using  negative  logic  and  wired  ANDing. 

The  schematic  for  the  character  input  circuit  including 
the  WRITE  ENABLE  switch  is  shown  in  Fig*  14.  The  TTL  level 
signals  II  -  15  represent  the  lie  -  I5c  computer  terms.  The 
D1  -  D5  terms  are  five  data  bus  lines*  The  character  enter 
signal,  Che,  represent  the  bus  for  Tc.  The  five  NAND  gates 
act  as  negative  logic  OR  gates  to  generate  the  proper  bit  pat¬ 
tern*  The  five  lines  are  then  ORed  together  to  sense  when  to 
generate  an  enter,  or  clock  signal.  The  first  monoa table  de¬ 
lays  the  clock  approximately  three  milliseconds  to  avoid  any 
switch  bounce.  The  second  monostable  then  generates  a  200 
(150  minimum)  microsecond  clock  pulse.  The  following  gate 
insures  that  no  clock  pulses  are  generated  from  bounces  when 
the  switch  is  released.  The  delayed  clock  pulse  slows  the 
rate  at  which  characters  may  be  entered  from  the  keyboard,  but 
it  is  still  much  faster  than  one  can  type  (160  characters  per 
second) • 

Register  Display 

Loading  a  program  into  the  computer  is  useful  only  if 
results  can  be  seen.  It  would  also  be  helpful  for  programming 
and  debugging  if  certain  registers  can  be  displayed.  This 
section  develops  circuits  for  displaying  selected  memory  regi¬ 
sters  or  locations. 
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Specification  and  Organization*  There  are  several  com¬ 
puter  signals  available  for  displaying  register  contents. 

They  are  the  channel  display,  Mpx,  word  rate,  Tx,  sector  track, 
SkP  clock  monitor,  Ck,  channel  display  select,  Cu0-Cu4,  and 
C10-C14,  and  the  memory  bank  indicators,  B01,  B02,  BP1,  BP2 
(Ref  3).  These  signals  are  listed  and  described  below 3 

1)  The  channel  display,  Mpx,  outputs  the  entire 
contents  of  a  selected  channel  in  serial  fashion  and  delayed 
one  bit  time.  The  channel  displayed  is  selected  by  the  chan¬ 
nel  display  select  lines, 

2}  Word  rate  signal,  Tx,  is  true  during  the  Tx  bit 
time  and  false  at  all  other  times.  It  is  used  for  timing  pur¬ 
poses. 

3)  The  sector  track  output,  Sk,  is  the  serial  out¬ 
put  of  the  sector  channel*  This  channel  has  a  sector  address 
in  each  sector  corresponding  to  the  following  sector  location 
(see  Appendix  A). 

4)  The  clock  monitor,  Ck,  is  an  output  of  the  com¬ 
puter's  master  clock, 

5)  The  channel  display  select  lines  select  the 
channel  to  be  displayed  on  Mpx,  The  ten  lines  are  grouped 
into  five  upper  and  five  lower  signals.  Only  one  from  each 
group  may  be  true  at  a  time.  The  signal  states  and  selected 
channel  are  shown  in  Fig,  15. 

6)  The  memory  bank  indicators  show  which  of  four 
banks  is  used  for  instruction  search  and  which  is  used  for 
operand  search.  The  following  table  illustrates  the  signals 
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INPUT 

CIO 

Cll 

012 

C13 

C14 

CuO 

S 

I 

L 

A 

N 

Cul 

MX 

My 

Npl 

Np2 

R 

Cu2 

F 

E 

SF3 

G 

V 

Cu3 

C 

SF2 

H 

SF1 

W 

Cu4 

u 

Y 

IPX 

Ip2 

Definitions 


S  Sector  Track 
I  Instruction  Register 
L  Lower  Accumulator 
A  Accumulator 
N  Humber  Register 
Mx  Hot  Channel 
My  ■ 

Kpl  Operand  Channel  1 
Np2  *  *  2 

R  Pour  word  rapid  access 

p  m  m  m  m 

E  Eight  "  • 


SF3  One  Word  Inverted  Loop 
G  Pour  word  rapid  access 

y  Run  m 

C  •  •  ■  » 

SP2  One  Word  Inverted  Loop 
H  Sixteen  Word 
S?1  One  Word  Inverted  Loop 
W  "  *  rapid  access 

U  *  ■  *  * 

Y  Four  *  "  • 

Ipl  Instruction  Channel  1 
Ip2  .  *  •  2 


Figure  15*  Channel  Display  Select. 
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significance. 


Table  IV. 

Bank  Monitor  Signal  Statea 


Program 


BP1  BP  2  Bank 


P  P  0 

F  T  1 

TP  2 

T  T  3 


Operand 

BOl  B02  Bank 


P  P  0 

F  T  1 

T  P  2 

T  T  3 


The  aforementioned  computer  signals  are  sufficient  for 
displaying  any  sector  of  the  available  channels  and  memory 
banks  utilized. 

Design.  The  operator  must  have  a  method  of  controlling 
the  display.  Therefore ,  control  will  be  through  the  use  of 
five  octal  thumbwheel  switches  on  the  front  console.  The  first 
(leftmost)  switch  will  be  for  the  upper  channel  select  and  the 
second  will  be  for  the  lower.  The  remaining  switches  will  be 
used  to  select  a  single  sector  of  a  channel  to  be  displayed. 

The  switches  output  binary  code  which  is  appropriate  for  the 
sector  select  but  must  be  decoded  for  the  channel  select. 

For  the  Mpx  signal  to  be  useful  for  display,  it  must  be 
enabled  and  latched  at  the  proper  instant  when  the  desired 
sector  information  is  available.  The  Mpx  signal  is  easily 
enabled  by  electrically  connecting  pins  1  and  2  on  interface 
connector  J9  (Ref  5) •  The  latching  of  Mpx  is  more  difficult. 
There  are  several  steps  involved  in  deciding  when  to  shift 
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the  Mpx  output  into  a  24  bit  register  and  when  to  stop  the 
shift.  A  flowchart  of  the  logic  process  is  shown  in  Fig.  16. 
The  first  step  is  to  latch  bits  T2  through  T8  of  the  sector 
track,  which  indicates  the  address  of  the  following  sector. 
These  bits  must  then  be  compared  to  the  sector  select  switches 
for  coincidence.  If  it  dees  not  occur,  the  first  step  is  re¬ 
peated.  If  coincidence  occurs  Mpx  is  shifted  into  the  regi¬ 
ster,  starting  at  the  next  Tx  time.  The  following  Tx  time 
stops  the  shift  with  the  desired  memory  word  in  the  shift  re¬ 
gister.  Fig.  1?  is  a  timing  diagram  indicating  when  each  step 
should  occur. 

In  order  to  eliminate  the  possibility  of  "races"  in  the 
circuits  the  computer  clock  is  modified  to  produce  the  system 
clock,  Ct.  These  races  are  possible  because  some  signals  used, 
such  as  Tx  and  Sk,  change  state  at  the  same  time  of  the  clock, 
and  also,  additional  delays  may  be  introduced  in  the  inter¬ 
facing  circuitry.  The  modification  involves  fabricating  a 
clock  pulse  which  lies  inside  the  computer* s  clock  envelope. 

A  leading  edge  delay  of  .5  microseconds  (approximately  25  gate 
times)  insures  proper  information  at  flip-flop  inputs  before 
clocking.  An  advanced  negative  transition  of  .4  microseconds 
(approximately  20  gate  times)  insures  input  information  does 
not  change  on  master-slave  flip-flops  before  clocking.  See 
timing  diagram  in  F3.g,  18  for  graphic  explanation. 

Realization.  All  the  circuits  for  this  section  are  re¬ 
alized  with  transistor-transistor  logic,  therefore  all  of  the 
signals  must  be  interfaced  to  computer  voltage  levels. 

The  channel  select  circuits  are  simple  decoders  as  shown 
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in  Fig.  19.  Two  of  these  circuits  are  needed,  one  for  upper 
channel  select  signals,  and  one  for  the  lower.  The  negative 
logic  outputs  are  converted  to  positive  levels  in  the  inter¬ 
face  circuitry. 

The  Mpx  shift  and  latch  timing  circuit  is  illustrated  in 
Fig.  20.  The  four-bit  counter  controls  the  shifting  of  sector 
track  information.  Nine  bits  from  Tx  are  shifxed  in  and  com¬ 
pared  with  the  sector  select  switches  through  two  4  bit  mag¬ 
nitude  comparitors.  If  coincidence  occurs  the  flip-flop  is 
set  at  the  leading  edge  of  the  next  Tx  pulse  and  jls  reset  on 
the  following  Tx.  The  flip-flop  gates  the  system  clock  to 
generate  the  SHIFT  signal  for  the  Mpx  shift  register. 

The  Mpx  shift  register  and  display  are  shown  in  Fig.  21. 
The  register  is  a  24  bit  shift  register  controlled  by  the  pre¬ 
ceding  timing  circuit.  The  display  consists  of  eight,  seven- 
segment,  LED  displays  with  decoding  and  memory.  Twenty- four 
individual  lights  may  be  used  but  the  LED  lights  were  availa¬ 
ble,  and  are  easier  to  read  since  each  displays  an  octal  di¬ 
git.  The  latching  signal  (Q*  from  the  timing  flip-flop)  may 
be  eliminated  since  the  resulting  "flicker"  would  occur  less 
than  one  percent  of  the  time  for  durations  of  about  30  micro¬ 
seconds.  The  flicker  would  be  totally  'undetectable  with  the 
eye. 

The  bank  indicators  illustrated  in  Fig.  22  use  the  same 
LED  displays.  Since  the  displays  contain  decoding  circuits 
the  interfaced  signals  may  be  wired  directly. 

The  clock  schematic  is  Fig.  23.  The  first  monostable 
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Figure  19.  Channel  Display  Selcpt 
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Figure  £3.  System  Clock 
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multivibrator  provides  the  .5  microseconds  delay  and  the  se¬ 
cond  provides  the  om.-  microsecond  clock  duration.  The  open 
collector  drivers  enable  the  clock  to  drive  180  inputs.  The 
buffering  was  necessary  to  allow  any  future  additional  systems 
to  use  the  same  system  clock  without  additional  gate  delays. 

Conclusions 

By  interfacing  computer  signals  and  using  simple  TTL  lo¬ 
gic  the  computer *s  operating  mode  can  be  controlled  and  moni¬ 
tored,  programs  can  be  entered,  and  register  contents  displayed. 
The  circuits  developed  in  this  chapter  are  a  solution  to  the 
control  and  monitor  problem  which  meets  the  requirements  of 
APIT's  application.  Others,  either  more  or  less  complex,  may 
be  devised  according  to  the  need.  Because  of  similarities  in 
the  D37C  and  D17B  the  circuits  described  in  this  chapter  are 
directly  compatible  to  both,  assuming  all  signals  are  properly 
interfaced. 

At  this  point  in  the  process  of  converting  the  D37C  for 
general  use,  these  systems,  alone,  may  provide  enough  control 
and  versatility  for  many  applications.  For  those  which  require 
more,  the  following  chapter  presents  a  method  for  expansion 
of  D37C  I/O  capabilities. 
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This  chapter  develops  a  design  to  expand  the  D37C*s  In¬ 
put/Output  (I/O)  capabilities,  thereby  making  it  more  versa¬ 
tile  and  compatible  with  common  computer  peripherals.  Most 
general  purpose  applications  require  computer  communications 
with  devices  such  as  teletype  writers,  tape  readers,  tape 
punches,  and  more.  Hence,  it  is  desirable  to  have  such  com¬ 
munication  capabilities  for  the  D37C  so  it  may  be  used  for 
general  applications.  The  expanded  I/O  system  is  combined 
with  the  previously  mentioned  systems  to  produce  the  total 


converted  D37C  system  shown  in  the  block  diagram  of  Pig.  24. 
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Specifications 


There  are  three  main  design  criteria  chosen  to  make  the 
D37C*s  I/O  system  more  versatile  and  compatible.  They  are» 
developing  a  program  controlled  I/O  scheme,  designing  a  para¬ 
llel  data-bus  structure,  and  increasing  the  I/O  speed.  The 
feasibility  of  including  Programmed  Interrupt,  PI,  and  Direct 
Memory  Access,  DMA,  facilities  is  discussed  later.  The  new 
I/O  system  should  be  compatible  with  the  Minuteman  systems  at 
APIT  to  allow  computer-computer  communication  for  possible 
multi-processor  configuration. 

Programmed  I/O.  As  the  Minuteman  operating  and  software 
systems  develop,  it  becomes  necessary  to  remove  the  human  op¬ 
erator  from  the  I/O  operations.  Most  general  purpose  compu¬ 
ter  applications  require  many  I/O  operations  and  if  manual 
intervention  is  required  the  entire  operation  will  be  slow  and 
prone  to  errors.  To  overcome  this,  it  is  necessary  to  develop 
computer,  or  program  controlled  peripherals  and  I/O  operations. 
A  programmed  I/O  system  should  control  inputting  and  outputting 
information  based  on  the  devices*  readiness.  It  should  also 
provide  necessary  levels  and  pulses  for  controlling  all  peri¬ 
pherals  • 

Parallel  Data  Bus.  The  data  path  utilised  for  the  pro¬ 
grammed  I/O  scheme  may  be  serial  or  parallel.  A  serial  method 
would  require  very  little  hardware  since  a  one  line  bus  is  all 
that  is  needed.  However,  because  at  least  one  instruction 
(one  word  time)  is  needed  to  input  a  single  bit,  serial  oper¬ 
ation  would  be  very  slow  (assuming  one  bit  transferred  per 
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disk  revolutions  about  four  words  per  second)*  A  parallel  I/O 
bus  requires  more  hardware  but  enables  many  bits  of  the  word 
(up  to  24)  to  be  transferred  in  a  single  operation.  This  is 
not  only  faster  but  better  suited  for  parallel  bit  peripherals 
such  as  tape  reader  and  punch.  I/O  operations  may  be  made 
faster  by  combining  a  controller  with  the  peripherals  to  pack 
information  into  a  full  24  bit  word  which  is  transferred  in  a 
single  operation.  Developing  the  I/O  data  path  as  a  bus  ena¬ 
bles  peripherals  to  be  added  with  little  or  no  modifications 
of  I/O  expansion  circuitry.  Paralleling  all  24  bit  lines  will 
allow  the  addition  of  a  controller  and  special  equipment  such 
as  a  graphics  display  (Ref  12).  A  full  word  bus  will  also  aid 
communications  between  computers  for  multi-processing. 

Speed  Increase.  The  speed  increase  of  serial  operation 
over  parallel,  and  computer  controlled  I/O  over  manual,  have 
already  been  discussed.  There  is,  however,  a  further  increase 
in  the  I/O  rate  by  using  a  programmed  and  parallel  scheme  over 
the  character  input  program  loading  mentioned  in  Chapter  III. 
The  computer  can  receive  up  to  800  character  commands  per  se¬ 
cond.  Because  it  takes  nine  commands  to  enter  a  word  into 
memory,  this  rato  just  misses  being  capable  of  loading  one 
word  per  disk  revolution,  or  100  words  per  second  (11.25  msec 
to  enter  9  commands  vs.  10.1  msec  for  the  disk  to  rotate  129 
sector  locations).  Hence,  the  character  inputs  are  only  capa¬ 
ble  of  50  words  per  second  for  loading  consecutive  memory  lo¬ 
cations,  A  programmed  loading  scheme  can  easily  transfer  one 
or  »ore  words  per  disk  revolution  (100  words  per  second  or 
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more)  which  makes  it  much  faster  than  the  Character  Inputs  for 
loading  memory.  As  software  for  the  Minuteman  systems  develop, 
a  faster  I/O  rate  will  become  more  important  for  loading  pro¬ 
gram  sections  and  data  blocks. 

Organization 

Organizing  an  I/O  scheme  requires  the  development  of  two 
interdependent  subjects,  hardware  resources  and  software  con¬ 
ventions. 

Hardware  Resources.  The  organization  of  hardware  will 
follow  the  parallel  I/O  proposal  conceived  by  Capt.  Douglas 
Allen  (Ref  1)  and  implemented  by  Lt.  Joseph  Theriault  (Ref  15) 
for  the  D17B.  The  proposal  suggests  using  the  only  available 
parallel  input  port  to  the  machine,  the  Discrete  Inputs.  The 
Discrete  Inputs  (and  Discrete  Outputs)  are  utilized  in  the 
missile  environment  to  check  and  perform  a  variety  of  functions 
(see  Appendix  A  and  Ref  3).  There  are  three  sets  of  Discrete 
Inputs  for  the  D37C,  labelled  A,  B,  and  C.  Set  B  is  the  only 
one  capable  of  loading  a  parallel  24  bit  word  and  will  be  used 
as  the  programmed  I/O  input  port.  Part  of  the  A  set  will  be 
used  to  input  flags.  There  are  also  output  signals  called 
Discrete  Outputs  but  cannot  be  used  to  output  a  parallel  word 
since  only  one  from  each  group  may  be  true  at  any  one  time. 
However,  these  outputs  may  be  used  for  other  functions  such 
as  device  select  and  control  lines.  An  output  scheme  adapted 
from  work  by  Joseph  Theriault  (Ref  15)  will  utilise  a  serial 
port  called  Telemetry  Monitor.  This  port  requires  a  serial  to 
parallel  convertor  to  produce  a  parallel  word  for  the  data  bus. 
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There  is  one  additional  output  line  that  will  he  utilized  to 
supply  a  program  controlled  output  pulse.  This  line  is  the 
platform  power  enable  signal  and  will  henceforth  be  designated 
the  I/O  Pulse  (IOP).  The  IOP  will  be  combined  with  the  dis¬ 
crete  output  lines  to  generate  pulsed  control  signals. 

Software  Conventions.  Before  designing  the  necessary 
hardware  for  an  I/O  expansion  system,  one  must  first  have  some 
idea  how  I/O  operations  are  to  be  programmed.  In  an  effort 
to  produce  the  fastest  I/C  transfers  possible  the  program  model 
should  be  as  short  as  possible-  (in  word  times).  There  are  two 
basic  alternatives  for  outputting  a  word  as  shown  in  Pig.  25A 
and  B.  One  is  to  put  the  word  on  the  bus  and  then  check  the 
device  ready  status  (flag)  before  resetting  the  system  and 
proceeding.  Another  is  to  do  the  flag  checking  first,  then 
the  output  operation.  Input  operations  logically  follow  the 
model  in  Fig.  25C,  since  the  flag  is  the  only  indication  that 
proper  information  is  cn  the  data  bus.  Sample  code  for  these 
three  operations  is  listed  in  Table  V, 

A  few  of  the  instructions  in  the  model  programs  need  ex¬ 
planation.  The  store  telemetry  instruction,  SXX/T,  may  be 
combined  with  other  instructions  and  executed  in  the  same  word 
time.  In  A,  it  can  be  combined  with  instruction  number  one 
and  thus  eliminates  one  word  time  of  the  routine.  In  B,  how¬ 
ever,  it  cannot  be  combined  with  number  five  because  output 
would  occur  before  the  date  is  in  the  accumulator*  and  it  can¬ 
not  be  combined  with  seven  because  the  10?  would  be  generated 
before  the  information  is  on  the  bus  (the  IOP  signals  the  de- 
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Table  V. 

Mode]  I/O  Program  Blocks 


Model 

Instruction 

Description 

Output  A 

1. 

DOAn 

(Data  is  in  Accumulator) 
Select  device  to  receive  data 

2. 

XXX/T 

Output  Ac  to  data  bus 

3. 

GBP 

Generate  mask  to  input  flag 

4. 

DIA  1 

Input  flag 

5* 

TSZ  3 

Transfer  on  zero  to  3 

6. 

EPP/DPP 

Generate  10P 

7. 

DOA  0 

Deselect  the  device 

Output  B 

1. 

DOA  n 

Select  device  to  receive  data 

2. 

GBP 

Generate  mask  to  input  flag 

3. 

DIA  1 

Input  flag 

4. 

TSZ  2 

Transfer  on  zero  to  2 

5. 

CLA  D 

Clear  and  add  data  to  Ac 

6. 

XXX/T 

Output  Ac  to  data  bus 

7. 

EPP/DPP 

Generate  IOP 

8. 

DOA  0 

Deselect  device 

Input  C 

1. 

DOA  m 

Select  device  to  produce  data 

2. 

GBP 

Generate  mask  to  input  flag 

3. 

DIA  1 

Input  flag 

4. 

TSZ  2 

Transfer  on  zero  to  2 

5. 

CLA  6 

Clear  and  add  mask  to  Ac  for 
inputting  data 

6. 

77777777 

Mask  (all  binary  ones) 

n 

f  • 

DIB 

Input  data  word 

8. 

EPP/DPP 

Generate  IOP 

9. 

DOA  0 

Deselect  the  device  (data  is 

then  stored  into  memory) 
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yice  to  retrieve  data  from  the  bus)j  The  Generate  Bit  Pattern 
instruction,  GBP,  and  the  need  to  load  a  mask  before  data  input, 
results  because  the  Discrete  Inputs  are  ANDed  to  the  Accumula¬ 
tor.  Finally,  the  IOP  instruction  is  a  combined  instruction 
of  Enable  Platform  Power  and  Disable  Platform  Power. 

The  rate  of  I/O  transfers  is  a  function  of  the  model  pro¬ 
gram  length  and  how  the  routines  are  utilized.  If  a  block  of 
data  is  to  be  transferred  to/from  a  single  device,  the  device 
select  and  deselect  portions  are  needed  only  fcr  the  first  and 
last  transfer.  Doing  this  leaves  a  four-word- time -routine  for 
Output  A,  six  word  times  for  Output  B,  and  seven  word  times 
for  Input  C.  Note,  however,  that  if  the  flag  is  not  ready 
when  first  checked  that  it  will  take  one  disk  revolution  (10 
msec)  to  check  it  again.  This  delay  can  be  minimized  by  load¬ 
ing  the  routines  in  rapid  access  loops  (see  A.ppendix  A  and 
Ref  2  and  3).  Still,  since  each  word  must  be  retrieved  (Out¬ 
put)  or  stored  (Input)  into  memory  after  it  is  transferred, 
tne  maximum  practical  I/O  rate  is  one  (or  at  most  two)  word 
per  revolution,  or  100  words  per  second. 

Design 

The  design  can  be  divided  into  three  main  categories. 

They  are  input,  output,  and  control  signals. 

Input  c  The  input  signals  required  for  the  I/O  expansion 
system  include  a  24  bit  data  word  and  five  general  flag  sig¬ 
nals,  The  data  word  is  incorporated  in  a  data  bus  used  for 
both  Input  and  output  and  is  also  common  to  all  peripherals • 

This  bus  structure  simplifies  the  addition  of  peripherals  and 
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total  system  design.  The  data  bus  terminates  as  the  B  Discrete 
Inputs  of  the  computer.  The  only  hardware  logic  needed  to 
input  the  data  bus  information  is  the  interfacing  required  to 
make  the  two  logic  types  compatible  (see  Chapter  III). 

The  five  flag  signals  are  also  developed  in  a  bus  struc¬ 
ture  similar  to  the  data  bus.  Although  only  one  flag  wjls  util¬ 
ized  in  the  model  software  it  is  reasonable  to  assume  that 
others  may  be  needed  to  check  peripheral  status.  Pour  addi¬ 
tional  flag  buses  are,  therefore,  implemented.  The  flags  are 
terminated  as  the  computer's  A  Discrete  Inputs.  As  with  the 
data  bus,  these  signals  only  reed  interfacing. 

Output.  The  output  design  requires  switching  the  tele¬ 
metry  output,  in  parallel  fashion,  onto  the  data  bus  «jnd  then 
removing  it  at  the  proper  time.  The  telemetry  output,  Axt, 
displays  the  contents  of  the  Accumulator  when  a  properly 
flagged  instruction  is  executed?  A  timing  signal,  Ptt,  indi¬ 
cates  when  the  information  is  available  at  Axt.  The  timing 
diagram  in  Fig.  26  illustrates  their  graphical  relationship. 

It  is  necessary  to  use  these  two  signals*  first,  to  shift  Axt 
into  a  register  for  serial  to  paralle?  conversion*  then,  to 
switch  this  information  onto  the  bus.  The  IOP  is  an  indica¬ 
tion  to  the  peripheral  that  information  is  on  the  data  bus  and 
should  be  latched  or  stored.  After  the  peripheral  receives  the 
data,  its  flag  should  be  reset  until  it  is  ready  for  more.  To 
give  the  peripherals  time  to  latch  the  bus  information,  the 
bus  will  not  be  cleared  until  approximately  150  microseconds 
(about  two  word  times)  after  the  IOP  is  issued. 


69 


GE/feE/74-16 


Control.  The  remainder  of  the  output  signals  are  for 
control  purposes.  They  consist  of  Discrete  Output  signals 
and  the  IOP  signal.  There  are  two  groups  of  Discrete  Output 
signals  and  both  are  used  for  control.  The  first  set,  group 
A,  consists  of  32  signals  and  will  be  designated  a3  Device  Se¬ 
lect  lines,  0  through  31  <DSn j  n=0,l, . . .31) .  These  lines  are 
enabled  individually  by  an  instruction  and  only  one  may  be 
true  at  a  time.  Each  of  the  DSn  lines  may  be  assigned  a  peri¬ 
pheral  to  indicate  when  a  transfer  with  that  device  should 
occur#  The  DSO  signal  5.s  not  assigned  to  a  peripheral  because 
becomes  true  to  deselect  all  the  other  lines  (see  Table  V). 

The  other  group  of  Discrete  Outputs,  group  B,  consists  of  15 
signals  and  are  designated  as  Control  lines,  1  through  15  (Cm; 
aal,2, « . .15) »  The  control  lines  are  enabled  like  group  A,  but 
they  are  us$d  for  extra  control  of  peripheral  functions.  Both 
the  Bevies  Select  and  Control  lines  may  be  used  for  other  pur¬ 
poses  if  the  need  arises. 

The  IC?  is  generated  by  an  instruction  and  appears  on  the 
output  labelled  E00,  The  combined  instruction  of  Enable  Plat¬ 
form  Pow<*r  (EPP)  and  Disable  Platform  Power  (DPP)  when  executed, 
crusOs  the  E00  line  tc  become  false  for  bit  times  T3  -  T5  (Ref 
11).  Hence,  to  convert  it  to  the  IOP  the  line  needs  only  to 
be  .'averted  and  interfaced.  It  is  also  buffered  to  drive  many 
loads  since  it  is  expected  that  future  users  will  gate  the  IOP 
with  Control  lines  to  produce  a  variety  of  control  pulses. 

Realization 

To  maintain  some  consistency,  the  realisation  will  also 
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be  divided  into  three  main  areas  of  input,  output,  and  control 
signals. 

Input.  As  mentioned,  the  24  bit  data  word  port  and  five 
flags  are  implemented  in  a  bus  structure.  This  is  done  by 
using  gates  with  open  collector  outputs  to  wire  4KD  the  func¬ 
tions  onto  the  bus,  Negative  logic  is  used  on  the  bus  so  the 
AND  function  becomes  a  wired  OR.  In  this  way,  the  data  bus 
ssay  be  used  for  both  input  and  output  operations,  and  allows 
peripherals  to  be  added  on  the  bus  without  affecting  others. 

Pig.  27  shows  a  typical  circuit  used  for  both  data  and 
flag  inputs.  The  IK  resistor  is  the  common  collector,  or  pull 
up  resistor  required  by  the  open  collector  outputs  on  the  bus 
The  invertor  converts  the  bus  to  positive  logic  before  being 
interfaced  by  the  inverting  line  driver.  The  line  driver  con¬ 
verts  the  TTL  logic  signal  to  a  signal  compatible  with  compu¬ 
ter  input  requirements  (Ref  5).  If  non-inverting  line  drivers 


Figure  27.  Example  of  Data  Bus  and  Flag  Bus  Input 
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or  some  other  type  of  non- inverting  interfacing  is  used,  the 
inverters  may  be  eliminated. 

The  first  five  lines  of  the  r*ata  bus,  D1  -  D5*  are  com¬ 
bined  with  the  character  inputs,  II  -  15,  mentioned  in  Chap¬ 
ter  III.  Doing  this  allows  the  same  bus  to  be  used  for  mem¬ 
ory  loading  in  both  compute  and  non-compute  states. 

Output.  The  computer  output  information  must  first  be 
converted  from  serial  to  parallel,  then  gated  onto  the  data 
bus.  This  is  done  by  shifting  Axt  into  a  24  bit  shift  regi¬ 
ster  as  shown  in  Pig.  28.  The  Axt  information  is  delayed  one 
bit  time  which  allows  Ptt  to  be  used  directly  to  gate  the  shift 
pulses  (see  Fig.  26).  The  information  in  the  register  is 
switched  onto  the  data  bus  by  24  open  collector  output  NAND 
gates.  The  switch  signal  is  controlled  by  Ptt*  and  the  IOP. 

The  Ptt*  signal  clears  the  flip-flop  and  switches  the  register 
onto  the  bus.  For  one  word  time,  the  data  will  be  changing 
as  the  word  is  shifted  into  the  register  and  should  not  be 
latched  by  the  peripheral.  The  IOP  signals  when  to  latch  the 
data  and  must  occur  after  the  shift.  The  switch  signal  remains 
true  until  approximately  150  microseconds  after  the  IOP.  The 
negative  going  edge  of  the  IOP  triggers  the  monostable  which 
in  turn  clocks  the  flip-flop.  The  negative  edge  of  the  mono- 
e table  pulse  clocks  the  output  to  a  fair  hich  removes  the 
data  from  the  bus.  The  two  open  collector  inverters  are  need¬ 
ed  to  drive  the  24  gate  inputs. 

Control.  The  remaining  circuits  include  Device  Select, 
Control  and  IOP  signals.  All  of  these  signals  are  interfaced 


Figure  2H,  Output  Schematic,  (page  1  of  2) 


Figure  28 «  Programmed  Output  Schematic,  (page  2  of  2) 
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with  line  receivers  and  terminated  at  the  Signal  Distribution 
Unit  (SDU)»  The  SDU  is  located  on  top  of  the  console  and  al¬ 
lows  easy  access  to  all  control  signals.  The  location  of  SDU 
signals  is  shown  in  Pig.  29,  The  10?  will  be  used  in  many 
circuits  and  is  therefore  buffered  to  accomodate  up  to  60  gate 
inputs.  The  schematics  for  the  I0P  and  other  control  signals 
may  be  found  in  Appendices  B  and  C. 

Peripheral  Interface  Specifications 


To  interface  peripherals  to  the  D37C*s  expanded  I/O  sys¬ 
tem,  certain  conventions  and  requirements  must  be  met.  These 
may  he  categorised  as  hardware  or  software  requirements. 

Hardware .  Any  peripheral  connected  to  the  I/O  system 
must  be  interfaced  in  a  way  shlch  won*t  interfere  with  other 
peripherals  or  I/O  operations.  Connections  tc  the  data  bus 
must  be  made  with  open  collector  TTL  gates.  Negative  logic 
8 hall  be  used  to  obtain  the  proper  sense  when  information  i3 
transferred.  At  least  one  Device  Select  line  shall  be  dedi¬ 
cated  to  each  peripheral  and  used  to  gate  information  onto  the 
data  and  flag  buses.  In  addition,  output  information  should 
not  be  latched  before  the  I0P  or  later  than  150  microseconds 
after  the  I0P.  If  these  hardware  restrictions  are  met.  peri¬ 
pherals  shall  be  capable  of  communicating  with  the  computer, 
providing  certain  software  conventions  are  also  set. 

Software .  I/O  software  for  this  system  must  follow  one 
of  the  three  models  mentioned  previously  plus  meet  a  few  addi¬ 
tional  requirements.  At  initial  start  up  the  switch  flip- 
flop  (see  Pig,  28)  in  the  output  circuit  will  be  in  a  random 
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state  which  may  switch  erroneous  data  onto  the  bus.  Therefore t 

*<• 

the  output  switch  flip-flop  must  be  reset  after  initial  start 
up  by  issuing  an  IOP  at  least  two  word  times  before  the  first 
I/O  transaction.  Peripherals  and  flags  for  peripherals  must 
be  preset  according  to  their  specification  before  the  initial 
transfer.  This  is  also  done  with  an  IOP  that  is  gated  with 
Control  Signals.  The  programmer  must  insure  a  mask  is  present 
in  the  accumulator  before  data  or  flags  are  transferred  (this 
is  different  from  the  D17B  system  which  needs  no  masks  (Ref  15)). 
The  IOP  shall  not  be  generated  within  one  word  time  after  a 
telemetry  store  instruction.  This  is  to  allow  the  information 
to  be  shifted  into  the  output  register.  Finally,  because  of 
the  IOP  delay  in  the  output  circuit,  consecutive  output  oper¬ 
ations  should  be  spaced  at  least  three  word  times.  This  last 
restriction  should  present  no  problem  since  flag  checking  pro- 
*  vides  ample  spacing. 

Conclusion 

This  chapter  illustrates  that  a  few  simple  circuits  can 
"  convert  the  specialized  I/O  system  of  the  D37C  computer  into 

one  more  versatile  and  compatible  with  most  minicomputer  peri- 
i  pherals.  The  system  developed  provides  programmed  controlled 

I/O  capabilities,  a  parallel  port  for  both  input  and  output, 
and  increased  speed  for  memory  loading.  It  also  produces  a 
very  versatile  and  nonrestrictive  system.  The  data  bus  may 
^  be  shorter  (say  8  bits),  at  first,  and  then  expanded  to  a  full 

parallel  word  when  a  controller  or  some  other  device  makes  it 
necessary.  The  Device  Select  and  Control  lines  have  not  been 
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dedicated  to  any  special  purpose  and  may  have  many  functions* 
Several  undedicated  flags  are  also  available  for  checking  per¬ 
ipherals  3tatus.  The  final  l/O  system  shall  make  the  D37C 
more  useful  in  applications  requiring  more  versatile  communi¬ 
cations  between  computer  and  external  devices* 

Additional  I/O  features,  such  as  Direct  Memory  Access 
(DMA),  and  Program  Interrupt  1 PI ) ,  were  investigated  for  in¬ 
clusion  into  tne  D37C'  I/O  system.  These  features,  however, 
required  hardware  modifications  of  the  computer  which  fell 
outside  the  scope  of  this  report*  Lt.  Joseph  Theriault  de¬ 
signed  a  DM  output  facility  for  the  D17B  by  using  the  Mpx 
output  (Kef  15)  and  Capt,  Duane  Reynolds  designed  a  D17B,  DMA 
input  facility  through  hardware  modifications  (Ref  13) »  How¬ 
ever,  because  the  D3?C*s  Mpx  output  cannot  randomly  display 
the  memory,  a  similar  DMA  could  not  be  designed  (Ref  5)*  A 
similar  PI  facility  to  that  designed  by  Lt  Theriault  (Ref  15) 
could  not  be  designed  because  of  no  external  indication  of 
the  program  channel.  However,  flag  polling  could  be  programmed 
for  the  D37C  system  as  a  substitute ,  if  such  a  feature  is  de¬ 
sired.  The  absence  of  both,  the  DMA  and  PI  facilities  should 
not  be  a  severe  handicap  for  the  D37C  system  since  these  fea¬ 
tures  are  not  important  in  many  applications. 
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V,  Summary 

This  chapter  consists  of  a  final  system  description,  a 
summary  of  conclusions,  and  a  few  suggestions  for  future  re¬ 
search  topics. 

Final  S?/stem  Description 

To  convert  the  D3?C  for  general  purpose  applications  and 
to  fulfill  the  objectives  of  this  investigation,  the  three 
systems  developed  in  this  report  are  combined  to  produce  the 
final  system.  The  D37C  conversion  system  is  an  interconnec¬ 
tion  of  the  Power  and  Cooling,  Control  <md  Monitor,  and  I/O 
Expansion  subsystems. 

Interconnections .  The  subsystems  are  connected  by  vari¬ 
ous  plugs  and  cables  which  run  throughout  the  console.  Power 
for  all  circuits  and  the  computer  is  routed  through  the  Power 
Distribution  Unit  (PDU)  which  supplies  fusing  for  all  power 
and  provides  a  central  location  for  power  troubleshooting.  It 
will  also  provide  +5vdc  current  (up  to  3*5  amps)  for  future 
systems  placed  in  the  console. 

Other  signals  to  and  from  the  computer  housing  are  routed 
through  two  circuit  boards,  one  for  outputs  (II)  and  one  for 
inputs  (12).  A  few  signals,  such  as  voltage  monitor  and  ana¬ 
log  signals,  are  routed  from  the  computer  directly  to  the  Sig¬ 
nal  Distribution  Unit  (SDU).  The  computer  signal  cables  are 
fabricated  from  stranded  wire  to  avoid  breaking  due  to  bending. 
A  few  computer  outputs,  such  as  the  clock  and  sector  signals, 
are  designed  to  drive  a  shielded  cable  and  are  therefore  con- 
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nected  to  the  interface  boards  with  754? coax.  Shielded  ca¬ 
ble  is  not  used  elsewhere  because  of  possible  signal  degra¬ 
dation  from  mismatched  lines  and  twisted  pair  was  not  used 
due  to  the  absence  of  complement  signal  sources.  Signal  rout¬ 
ing  between  the  console  circuit  boards  is  done  with  16  and  14 
lead  stranded  flat  cable.  This  cable  was  selected  because  it 
is  easily  connected  to  boards  by  using  IC  sockets,  and  the  ca¬ 
bles  are  easily  fabricated.  A  complete  listing  of  all  console 
and  computer  signals  and  associated  cabling  is  given  in  Appen¬ 
dices  B  and  C . 

Physical  Locations.  The  major  components  of  the  computer 
console  may  be  located  in  Pig.  30.  The  bottom  shelf  contains 
the  PDU  and  power  supplies  (+5#  +12,  -I2vdc)  for  the  circuits. 
The  second  shelf  supports  the  computer,  circulating  pump,  and 
cooling  fans.  Both  shelves  slide  out  for  easy  access.  The 
SDU  is  located  on  top  of  the  console  under  a  hinged  access 
door.  The  SDU  supplies  easy  access  to  analog  input  and  output, 
voltage  monitor.  Device  Select,  Control,  and  Flag  signals. 

The  console  front  panel  is  illustrated  in  Pig.  31 •  The 
cooling,  console,  and  computer  power  switches  are  located  in 
the  lower  left  hand  corner.  The  middle  of  the  panel  contains 
the  mode  control  switches  and  mode  indicators.  On  the  right 
side,  the  program  load  keyboard  is  near  the  bottom,  the  dis¬ 
play  select  thumbwheels  are  in  the  middle,  and  the  register 
display  is  on  top.  If  a  simple  I/O  device  is  needed,  there  is 
room  remaining  along  the  top  of  the  front  panel  for  a  24  bit 
switch  and  display  register  similar  to  the  one  on  the  D17B  I/O 
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Figure  JO •  System* 6  Physical  Locations. 
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console  at  APIT  (Ref  7). 

All  of  the  circuits  for  the  console  are  located  on  four 
circuit  boards.  The  interface  boards,  II  for  outputs  and  12 
for  inputs,  are  located  on  the  side  of  the  console  in  close 
proximity  to  both  computer  and  other  circuits.  The  panel  cir¬ 
cuit  board,  PB,  is  mounted  on  the  back  of  the  front  panel  and 
contains  the  Register  Display,  Bank  Indicator,  Program  Load, 
and  Mode  Control  circuits.  The  final  board,  A,  and  future 
peripheral  interface  cards  are  located  in  the  card  chassis. 
Board  A  contains  the  I/O  Output  ,  Mode  Display,  System  Clock, 
Channel  Select,  and  IOP  Driver  circuits.  Additional  future 
systems  should  be  located  in  the  card  chassis  filling  in  loca¬ 
tions  from  right  (A  is  rightmost)  to  left. 

Conclusions 

Chapters  II,  III,  and  IV  of  this  investigation  developed 
systems  to  convert  the  D37C  Minuteman  computer  for  general 
applications.  The  systems  include  Power  and  Cooling,  Control 
and  Monitor,  and  I/O  Expansion, 

Power  and  Cooling.  Strict  specifications  were  given  for 
power  and  cooling  systems  development.  Noting  that  these  re¬ 
strictions  were  intended  to  simulate  a  missile  environment  they 
were  relaxed  in  order  to  utilize  available  equipment.  The 
resulting  cooling  and  power  systems  are  simple  and  easily  fa¬ 
bricated. 

Control  and  Monitor.  The  systems  necessary  to  control 
and  monitor  computer  modes  and  transitions, resulted  in  some 
very  simple  circuits.  The  systems  were  expanded  slightly  to 
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include  a  simple  I/O  scheme  called  program  load  and  register 
display*  The  scheme  shall  prove  invaluable  in  debugging  pro¬ 
grams  and  may  be  sufficient  I/O  for  many  applications* 

I/O  Expansion*  For  applications  requiring  more  versatile 
and  compatible  I/O  the  expanded  system  was  developed.  The 
Expanded  I/O  system  provides  program  control,  a  parallel  I/O 
port,  and  increased  speed.  By  utilizing  many  of  the  available 
signals  from  the  computer,  the  system  circuits  are  relatively 
simple.  The  program  models  and  peripheral  interface  conven¬ 
tions  provide  a  basis  for  a  highly  versatile  I/O  system. 

Recommendations 

The  following  recommendations  are  suggested  to  expand  the 
0370*8  usefulness  as  a  general  purpose  computer  and  educational 
machine. 

1.  Peripherals  Interfaced  -  Peripheral  devices  may  be 
added  to  the  system  to  provide  auxilary  storage  and  expanded 
man-machine  communications.  Devices  such  as  a  teletypewriter, 
paper  tape  reader,  and  tape  punch  may  be  interfaced  with  sim¬ 
ple  logic  circuits  (Ref  10). 

2.  Software  Development  -  Many  programs  and  subroutines 
are  required  before  the  D37C  can  be  considered  a  true  general 
purpose  machine.  Loaders,  assembler,  and  operating  system  are 
needed  to  raise  the  system  above  the  machine  language  program¬ 
ming  level.  The  programs  may  be  written  for  the  D37C  in  a 
stand  alone  system  or  assembled  on  a  larger  computer  if  one  is 
available. 

3.  Hardware  Modifications  -  Certain  modifications  to  the 
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machine  may  be  investigated  to  expand  its  capabilities.  A 
Direct  Memory  Access  Facility  could  be  developed  if  modifi¬ 
cation  of  the  read/write  circuitry  is  feasible  (Ref  13).  A 
Program  Interrupt  capability  would  be  possible  if  the  select¬ 
ed  program  channel  could  be  monitored  internally  (Ref  15) . 
Finally,  the  speed  of  execution  may  be  increased  by  raising 
the  memory  power  frequency  (see  Chapter  II). 

4.  Console  Improvements  -  There  are  several  possible 
improvements  to  the  console  that  would  make  it  more  reliable 
and  a  better  educational  tool.  Simple  power  and  cooling  mon¬ 
itoring  circuits  could  be  fabricated  to  sense  external  power 
sources  and  the  computers  temperature.  If  they  became  out  of 
tolerance  the  power  to  the  computer  could  be  automatically 
disconnected,  thereby  preventing  possible  damage.  Another 
improvement  would  '.nclude  a  switch  register  and  bus  display 
for  a  simple  educational  peripheral  (Ref  15).  Finally,  a  re¬ 
volution  counter  may  be  added  as  an  input  device  on  the  bus. 

It  would  serve  as  a  real  time  clock  and  prove  invaluable  for 
timing  program  segments  and  developing  optimum  software  (Ref 
11). 

5.  Special  I/O  Devices  -  Special  I/O  devices  may  be  de¬ 
veloped  for  the  D37C  to  aid  its  practical  and  educational  use¬ 
fulness.  Because  the  D37C  has  built-in  Analog-t o-Digi tal ,  and 
Digital-to-Analog  converters,  it  would  be  a  simple  matter  to 
build  a  peripheral  to  check  IC*s.  The  converters  would  also 
be  suitable  for  controlling  experiments  with  analog  sensors  or 
controls.  Special  devices  developed  in  the  logic  lab  at  AFIT, 
such  as  the  Character  Display  by  Capt.  Trimble  (Ref  18)  and 
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the  Graphics  Display  by  Lt.  Kennedy  (Ref  12)  may  also  be  inter¬ 
faced  with  the  D3?C  to  expand  the  system’s  capabilities. 


Concluding  Statement 

The  purpose  of  this  study  is  to  investigate  the  feasibili¬ 
ty  of  converting  a  Minuteraan  guidance  computer,  the  D37C,  for 
general  purpose  application.  It  has  been  shown  the  computer 
can  be  set  up  and  operated  by  fabricating  a  few  simple  circuits 
and  systems.  If  more  than  minimal  I/O  capabilities  are  re- 
ouired,  the  expanded  I/O  system  may  be  added  to  make  the  ma¬ 
chine  compatible  with  a  wide  range  of  peripherals.  In  summary, 
the  machine  can  be  converted  to  general  use  for  a  relatively 
small  investment  of  time  and  money.  The  conversion  process 
may  provide  Air  Force  laboratories  and/or  civilian  institu¬ 
tions  with  highly  reliable,  low  cost  computing  power  when  the 
machines  become  surplus. 
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Appendix  A 

D37C  Computer  Description 


This  appendix  contains  supplemental  information  about  the 
D3?C  computer.  The  computer's  functional  units  are  described 
and  programming  is  discussed. 

Functional  Computer  Unit  Descriptions  (Ref  3) 

Control  Unit.  The  control  unit  interprets  and  processes 
all  machine  functions  and  is  comprised  of  a  location  counter, 
the  instruction  register  and  the  phase  register, 

1.  Location  Counter  -  The  location  counter  deter¬ 
mines  the  channel  from  which  the  next  instruction  is  to  be  ob¬ 
tained. 

2.  Instruction  Register  -  The  instruction  register 
holds  the  instruction  to  be  executed  by  the  computer.  This 
instruction  defines  the  type  of  operation  to  be  performed  such 
as  add,  subtract,  etc.*  specifies  the  location  address  of  the 
operand  when  necessary  and  indicates  the  sector  address  of  the 
next  instruction. 

3.  Phase  Register  -  The  phase  register  consists  of 
three  flip-flops  which  may  be  set  to  one  of  eight  possible 
states  to  indicate  the  phase  of  flight*  It  also  serves  as  a 
selector  switch  to  determine  which  group  of  voltage  inputs  are 
to  be  sampled  and  as  an  index  register  for  a  modify-flagged 
instruction.  The  state  of  the  phase  register  is  available  as 
the  stage  reference  outputs. 

Arithmetic  Unit.  The  arithmetic  unit  is  comprised  of 
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three  registers i  the  accumulator  (A),  lower  accumulator  (L) 
and  the  number  register  (N).  Only  the  A  and  L  registers  are 
addressable. 

1.  Accumulator  (A-register)  -  The  accumulator  serves 
as  the  main  register  of  the  computer  and  holds  the  results  of 
all  arithmetic  operations.  This  register  serves  as  an  output 
register  for  telemetry  and  character  outputs. 

2.  Lower  Accumulator  (L- register)  -  This  register 
is  used  for  certain  arithmetic,  input,  logical  operations  or 
for  rapid  access  storage. 

3.  Number  Register  (N-register)  -  This  register  is 
used  by  the  logic  of  the  computer  during  multiplication  and 
division  and  is  not  addressable. 

Input  Unit. 

1.  The  discrete  input  lines  generally  serve  as  com¬ 
munication  lines  from  external  equipment.  There  are  three 
sets  of  "on  -  off"  type  signals* 

a.  One  set  samples  2k  input  signals, 

b.  One  set  samples  19  external  input  signals 
and  5  flip-flops  from  within  the  computer. 

c.  One  set  samples  21  input  signals,  two  flip- 
flops  and  the  logical  "or"  of  7  discrete 
output  signals. 

2*  Program  Load  -  The  main  input  for  loading  numer¬ 
ical  data  and  instructions  into  the  computer  memory  is  a 
punched  tape  (paper  or  mylar).  Information  can  be  entered  into 
the  computer  at  a  maximum  rate  of  800  five-bit  codes  per  second 


92 


GE/fcE/?4-l6 


from  a  photo-electric  tape  reader.  Data  can  be  entered  manu¬ 
ally  from  a  keyboard  if  a  computer  manual  control  panel  (CMPC) 
is  available. 

3.  Detector  -  The  detector  input  is  an  "on  -  off" 
type  signal  received  from  an  external  source  and  indicates  the 
working  status  of  a  specified  piece  of  external  equipment. 

The  detector  input  monitor  can  be  "reset"  by  means  of  a  spe¬ 
cial  instruction. 

4.  Incremental  -  The  incremental  inputs  are  basi¬ 
cally  independent  of  program  control  and  consist  of  seven  re¬ 
solver  type,  two  variable  incremental  type  and  one  pulse  type. 
These  inputs  are  accumulated  in  the  two  four-word  input  buffer 
loops  (V&R) . 

5.  Voltage  -  The  computer  is  capable  of  converting 
one  of  32  dc  voltage  inputs  into  an  8-bit  binary  number  under 
program  control.  Analog  voltages  are  grouped  into  four  sets 
of  eight  inputs  each.  The  range  is  +  10  volts  with  an  accur¬ 
acy  of  200  mV. 

6.  Cable  -  Cable  inputs  are  serial  messages  of  up 
to  96  bit3  in  length  entered  into  one  of  four  words  of  the 
C-loop.  Maximum  data  rate  in  1600  bits  per  second.  Cable 
input  operation  is  bsgun  by  executing  the  Enable  Cable  Input 
instruction  and  p  tceeds  basically  independent  of  program  con¬ 
trol. 

7.  Radio  -  Radio  inputs  are  serial  messages  of  un¬ 
limited  length  entered  into  one  word  of  the  C-loop.  After  24 
bits  are  accumulated,  the  information  is  transferred  to  chan- 
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nel  MX  Sector  054  and  the  loop  is  prepared  to  accept  another 
24  bits.  Maximum  input  data  rate  is  100  bits  per  second.  The 
operation  is  begun  by  an  instruction  and  proceeds  basically 
independent  of  program  control. 

8.  External  Reset  -  Master  Reset  (Mr),  Enable  Write 
(Ew  ),  Initiate  Load  (Ps.)  for  checkout  only.  Halt  Prime  (Kft_), 

C  v  c 

Sun  Prime  (K£c)»  Single  Cycle  Prime  (K|c). 

Output  Unit. 

1.  Discrete  -  The  discrete  outputs  provide  two  in¬ 
dependent  sets  of  output  lines  (32  and  15)  for  a  total  of  47 
"on  -  off"  type  signals.  The  outputs  are  modified  under  pro¬ 
gram  control  and  are  sent  to  equipment  external  to  the  compu¬ 
ter. 

2.  Voltage  -  There  are  four  dc  voltage  output  lines 
available  with  each  proportional  to  an  8-bit  number  including 
the  sign.  These  lines  are  updated  at  the  rate  of  9.2?  volts 
per  32  word  times.  The  range  is  +  10  volts  with  an  accuracy 
of  +  200  my. 

3.  Single  Character  -  The  single  character  output 
provides  four-bit  characters  suitable  for  typewriter,  tape 
punch  or  other  similar  output  equipment.  A  parity  check  bit 
and  two  timing  bits  are  issued  automatically  with  each  char¬ 
acter. 

4.  Cable  -  The  cable  output  is  a  serial  message  of 
up  to  96  bits  in  length  transmitted  from  the  four  word  C-loop, 
The  maximum  data  rate  is  1600  bits  per  second.  The  operation 
is  begun  by  execution  of  the  Enable  Cable  Output  (ECO)  instruc- 
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tion  and  proceeds  basically  independent  of  program  control. 

5.  Binary  -  There  are  four  pairs  of  outputs  which 
can  be  used  to  control  external  equipment  such  as  gyro,  etc. 

The  output  states  are  automatically  updated  under  program  con¬ 
trol  every  10  MS.  The  output  is  in  the  form  of  +1  or  -1. 

6.  Telemetry  -  A  timing  signal  is  issued  under  pro¬ 
gram  control  which  signifies  that  the  accumulator  contains  in¬ 
formation  which  is  to  be  read  by  the  external  equipment  receiv¬ 
ing  the  timing  signal. 

7.  Miscellaneous  -  These  signals  include  Parity/ 
Verify  error  signal,  mode  indication  and  stage  reference . 

Memory  Unit.  The  D37C  computer  memory  consists  of  a  ro¬ 
tating  magnetic  disk  driven  by  a  synchronous  motor  at  6000  rpm. 
Adjacent  to  the  disk  are  two  fixed  head  plates  which  house  the 
read  and  write  heads.  The  disk  has  a  thin  magnetic  oxide  coat¬ 
ing  on  both  sides  for  storing  information.  This  disk  is  sup¬ 
ported  by  air  bearings  generated  by  the  rotating  disk.  The 
disk  is  divided  into  tracks  or  channels  of  128  words  each  for 
main  memory.  A  total  capacity  of  7222  words  may  be  contained 
in  che  56  channels  of  128  Sectors,  six  4-word  loops,  one  8-word 
loop,  one  16-word  loop  and  six  1-word  loops. 

Programming 

The  computer  uses  a  full  24  bit  instruction  word  and  data 
word.  Data  is  represented  in  one  of  two  fashions,  as  a  23  bit 
binary  fraction  (full  word)  or  as  a  10  bit  fraction  (split 
word).  The  two  formats  are  shown  in  Fig.  32.  Instructions 
also  have  two  formats,  either  flagged  or  unflagged  as  indicated 
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in  Fig.  32.  Table  VI  lists  all  of  the  available  instructions 
with  numeric  and  mnemonic  c^des.  For  more  information  on 
programming  see  Ref  11. 


GE/BE/74-16 


Table  VI. 

D37C  Computer  Instructions 


MNEMONIC 

CODE 

DESCRIPTION 

NUMERIC 

CODE 

CHANNEL  (C) 
SECTOR  (S) 

ADD 

Add 

64 

C.  S 

ALC 

Accumulator  Left  Cycle 

00 

26.  S 

ALS 

Accumulator  Left  Shift 

00 

22.  S 

ANA 

"AND"  to  Accumulator 

40 

42.  S 

ARC 

Accumulator  Right  Cycle 

00 

36,  S 

ARS 

Accumulator  Right  Shift 

00 

32,  S 

AWC 

Add  Without  Carry 

40 

50,  S 

CLA 

Clear  And  Add 

44 

C,  S 

COA 

Character  Output  A 

00 

(40-76).  S 

COM 

Complement 

40 

46,  S 

DIA 

Discrete  Input  A 

40 

02,  S 

DIB 

Discrete  Input  B 

40 

00,  S 

DIC 

Discrete  Input  C 

40 

20.  S 

DIV 

Divide 

34 

C,  S 

DOA 

Discrete  Output  A 

40 

54,  XX2 

DOB 

Discrete  Output  B 

40 

54,  XXI 

DPP 

Disable  Platform  Power 

4g 

62,  X20 

ECO 

Enable  Cable  Output 

40 

62,  X02 

ECI 

Enable  Cable  Input 

40 

62,  X03 

EFC 

Enable  Pine  Countdown 

40 

26,  S 

EPP 

Enable  Platform  Power 

40 

62,  X40 

PCL 

Pull  Compare  and  Limit 

14 

C,  S 

GBP 

Generate  Bit  Pattern 

40 

64,  S 

GPT 

Generate  Parity  Bit 

40 

60,  S 

HPC 

Halt  Pine  Countdown 

40 

24,  S 

HPR 

Halt  and  Proceed 

40 

22,  S 

LPR 

Load  Phase  Register 

40 

(7C-76),  S 

MAL 

Modify  A  and  L 

40 

52,  S 

KIM 

Minus  Magnitude 

40 

44,  S 

MPY 

Multiply 

24 

C,  S 

ORA 

"OR*  to  Accumulator 

40 

40,  S 
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MNEMONIC 

CODE 

DESCRIPTION 

NUMERIC 

CODE 

CHANNEL  (C) 
SECTOR  (S) 

PLM 

Plus  Magnitude 

40 

56,  S 

RIC 

Radio  Intercommunication 

00 

24,  001 

RSD 

Reset  Detector 

40 

62,  X10 

SAD 

Split  Add 

60 

C,  S 

SAL 

Split  Accumulator  Left 
Shift 

00 

20,  S 

SAR 

Split  Accumulator  Right 
Shift 

00 

30,  S 

SCL 

Split  Compare  and  Limit 

04 

C,  S 

SMP 

Split  Multiply 

20 

C,  S 

SPM 

Split  Plus  Magnitude 

40 

66,  S 

SRD 

Simulate  Transient 

00 

16,  S 

SSU 

Split  Subtract 

70 

C,  S 

STO 

Store  Accumulator 

54 

C,  S 

SUE 

Subtract 

74 

c,  s 

TMI 

Transfer  on  Minus 

30 

c,  s 

TRA 

Transfer 

50 

c,  s 

TSM 

Transfer  Sector  on  Minus 

40 

06,  S 

TSZ 

Transfer  Sector  on  Zero 

40 

04,  S 

TZB 

Transfer  on  Zero 

10 

C,  S 

VIA 

Voltage  Input  A 

40 

10t  S 

VIB 

Voltage  Input  B 

40 

12,  S 

VIC 

Voltage  Input  C 

40 

14,  S 

VID 

Voltage  Input  D 

40 

16.  S 

VIE 

Voltage  Input  E 

40 

30,  s 

VIP 

Voltage  Input  P 

40 

32,  S 

VIG 

Voltage  Input  G 

40 

34,  S 

VIH 

Voltage  Input  H 

40 

36,  S 

GE/jBE/7^-16 
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Appendix  B 

Available  Computer  Signals  and  Interface  Schematics 


This  appendix  contains  table  listings  of  computer  signals 
available  at  the  connection  plugs  and  schematics  of  circuits 
used  to  interface  these  signals  (Hef  1). 


Table  VII.  lists  all  of  the  signals  available  at  compu¬ 
ter  interface  plugs  and  gives  a  description  of  each.  Table 
VIII.  explains  the  circuit  requirements  for  interfacing  each 
signal  as  indicated  in  Table  VII.  Signals  are  routed  from  the 
computer  by  the  cables  as  listed  in  Table  IX. 

Schematics 

The  interfacing  schematics  are  divided  into  output  and 
input  circuits.  Each  group  is  located  on  separate  circuit 
boards  which  simplifies  construction  and  troubleshooting. 

Parts  locations  are  also  given  for  each  board.  Most  signals 
are  renamed  when  interfaced  and  new  names  are  indicated  in  the 
wiring  lists. 

Outputs.  All  output  interfacing  circuits  are  located  on 
circuit  board  II.  Most  signals  are  converted  to  TT1  levels 
with  IC  line  receivers,  SN7515^*s«  The  cable  driven  outputs 
are  converted  using  op  amps  and  both  the  true  and  complemented 
signals.  Fig.  33  shows  the  parts  locations  for  II.  Table  X 
} ists  all  of  the  wiring  for  the  sample  receiver  circuit  illu¬ 
strated  in  the  table  figure.  Table  XI  lists  all  of  the  wiring 
for  the  sample  cable  receiver  circuit  shown  in  the  Table  XI 


v 


101 


GE/EE/74-16 

figure. 

Inputs .  All  input  interfacing  circuits  are  located  on 
circuit  board  12.  Most  signals  are  converted  to  computer  le¬ 
vels  with  IC  line  drivers,  SN?5150*s.  Parts  locations  are 
illustrated  in  Fig.  36,  The  data  and  flag  buses  are  termina¬ 
ted  with  a  pull  up  resistor,  inverter  and  line  driver  as  shown 
in  Table  XIII.  The  Channel  Select  lines  are  interfaced  with 
open  collector  buffers  as  shown  and  listed  in  Table  XIV.  A 
few  control  signals  are  interfaced  with  line  drivers  only  as 
shown  in  Table  XV.  Fig.  40  illustrates  the  miscellaneous  cir¬ 
cuits  and  connections  to  complete  the  input  board. 
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Table  VII. 

D37C  Interface  Signals 
Connector  J1 

Pin  Term 

1  Memory  Motor  Power  400  cps  A  0 

2  Memory  Motor  Power  400  cps  B  0 

3  Memory  Motor  Power  400  cps  C  0 

4  GRD  (Computer  Common) 


Pin  Term 


1 

X6c 

2 

X?c 

3 

X8c 

4 

X9c 

5 

XI  2c 

6 

X13c 

7 

Xl4c 

8 

X17c 

9 

X19c 

10 

Z15c 

11 

Yle 

12 

Y2c 

13 

Y3c 

14 

Y4c 

15 

Y5c 

16 

Y6o 

17 

Y7c 

IS 

Y8c 

19 

Y9c 

20 

YlOc 

21 

Yllc 

22 

Y12c 

Description 
Discrete  Inputs  A 


Discrete  Input  C 
Discrete  Inputs  3 


Connector  J2 
I/O  Type 
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Table  VII. 

D37C  Interface  Signals 


Connector  J2  (Continued) 


Pin 

Term 

23 

Y13c 

24 

Y14c 

25 

Y15c 

26 

Yl6c 

27 

Y17c 

28 

Yl8c 

29 

Y19c 

30 

Y20c 

31 

Y21c 

32 

Y22c 

33 

Y23c 

34 

Y24c 

35 

Zl4c 

36 

Z3c 

37 

Z4c 

38 

Z5c 

39 

Z8c 

40 

Z9c 

41 

ZlOc 

42 

Z13c 

43 

I9c 

44 

110c 

46 

Vll 

47 

V12 

48 

V13 

49 

Vl4 

50 

V38 

51 

V37 

53 

va 

54 

V22 

I/O  Type 
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Description 


Discrete  Inputs  C 


Incremental  Data 
Analog  Inputs 
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Connector  J2  (Continued) 


Pin 

Tern 

I/O  Type 

Description 

55 

V23 

56 

V24 

57 

V25 

58 

V31 

59 

Y32 

60 

Y33 

61 

V34 

Connector  J3 

Pin 

Term 

I/O  Type 

Description 

1 

D07a 

°1 

Discrete  Outputs  A 

2 

Dlla 

°22 

3 

D12a 

4 

D13a 

°? 

5 

Dl4a 

°22 

6 

D15a 

7 

Dl6a 

°1 

8 

D17a 

°22 

9 

Dl8a 

10 

D19a 

11 

D20a 

12 

D21a 

13 

D22a 

14 

D23a 

15 

D24a 

16 

D25a 

17 

D26a 

18 

D27& 

GE/EE/74-16 

Tftble  VII. 

D37C  Interface  Signals 


Connector  J3  (Continued) 


Pin 

Term 

I/O  Type 

Description 

19 

D28a 

20 

D29a 

°1 

21 

D30a 

22 

D31a 

23 

D05b 

Discrete  Outputs  B 

25 

D08b 

26 

DlOb 

°22 

27 

Dllb 

28 

D12b 

°1 

29 

D13b 

°21 

30 

Dl4b 

32 

Z21c 

*1 

Discrete  Input  C 

33 

SCT1 

Character  Output 
Timing 

34 

E10 

°22 

Stage  Reference 
Output 

35 

E20 

36 

E30 

37 

Z22c 

*1 

Discrete  Input  C 

38 

V04a 

°2 

Analog  Outputs 

39 

V03a 

40 

V02a 

41 

VOla 

42 

GRD  V01 

Ground 

43 

SVq 

°8 

12v  USED  Sense 

44 

X10C 

h 

Discrete  Input  A 

45 

Z6c 

Discrete  Input  C 

46 

CDBO 

*6 

Channel  Display 

Select 


47 

48 

49 


CDC1 

CDU2 

CDU3 
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Table  VII. 

D37C  Interface  Signals 


Connector  -J3  (Continued) 


Pin 

Term 

I/O  Type 

Description 

50 

CDU4 

51 

CDLO 

52 

CDL1 

53 

CDL2 

54 

CDL3 

55 

CDL4 

56 

GRD  V01 

Ground 

57 

V4l 

x3 

Analog  Inputs 

58 

¥42 

59 

V43 

Connector  J4 

Pin 

Term 

I/O  Type 

Description 

1 

Ct* 

°3 

Clock* 

2 

Ct 

Clock 

4 

Ot 

°5 

Origin  Timing 

5 

Ot* 

7 

.  Ptt 

Telemetry  Output 
Timing 

8 

Ptt' 

10 

Axt 

Accumulator  Monitor 

11 

Axt* 

13 

Et* 

"Enter"  Mode 

Signal 

14 

Kt* 

Compute  Mode* 

15 

Syt* 

Synchronization  * 

16 

Mrt 

°7 

Master  Reset 

Monitor 

17 

D15b 

°1 

Discrete  Output  B 

18 

Irk 

Instruction  Read 
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Table  VII. 

D37C  Interface  Signals 
Connector  J4  (Continued) 


Pin 

Term 

I/O  Type 

19 

V04d 

°2 

20 

V03d 

21 

V02d 

22 

VOld 

23 

Det 

°1 

24 

+24  vt 

°19 

25 

+18  vt 

°17 

26 

+12  vt 

°15 

27 

+9  vt 

°13 

28 

+6  vt 

°11 

29 

+3  vt 

°9 

30 

-3  vt 

°10 

31 

-6  vt 

°12 

32 

-9  vt 

°14 

33 

-12  vt 

°16 

34 

-18  vt 

°18 

35 

-24  vt 

°20 

36 

Idt 

X7 

37 

Pk 

38 

Fvk 

39 

03k 

40 

Mpxk 

°6 

41 

Kpxk' 

43 

Ck 

44 

Ck* 

46 

Sk 

47 

Sk* 

49 

Txk 

50 

Txk* 

108 


Description 
Analog  Outputs 


Detector 

Telemetry  Voltage 
Monitor 


Initiate  Detector 

Parity  Brror 

Verify  Error 

Fill/Verify  Mode 

Multiplex  Channel 
Display 

Clock 

Sector  Track 
Tx  Timing 


Table  VII. 

D37C  Interface  Signals 


•  Connector  J4  (Continued) 


Pin 

Term 

I/O  Type 

Description 

51 

Yl5t 

X3 

Not  Used 

52 

Nmhk 

°1 

Manual  Halt  Mode 

53 

Phk 

°22 

Program  Halt  Mode 

54 

Vl6t 

x3 

Not  Used 

55 

Ksk* 

h 

Single  Cycle* 

56 

Krk' 

Z? 

Run* 

5? 

Vl?t 

I3 

Not  Used 

► 

58 

Tc 

h 

Load  Clock 

59 

Fsc 

T 

“1 

Initiate  Load 

> 

60 

Bxk 

°6 

Disturbance 

Monitor 

61 

Bxk* 

1  -f 

k' 

Connector  J5 

Pin 

Term 

I/O  Type 

Description 

1 

Xlc 

X1 

Discrete  Inputs  A 

2 

X2c 

t 

3 

X3c 

!  • 

4 

X4c 

\ 

5 

X5c 

< 

6 

Z17c 

Discrete  Inputs  C 

i  » 

7 

218c 

i 

8 

22c 

1  i 

r 

10 

I8c 

incremental  Input 

* 

rf 

12 

lie 

Character  Inputs 

r f 

> 

13 

I2c 

- 

14 

I3c 

c 

15 

I4c 

I 

16 

I5c 
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Table  VII. 

D37C  Interface  Signals 


Connector  J5  (Continued) 


Pin 

Term 

I/O  Type 

Description 

17 

Tc* 

X4 

Load  Clock 

18 

ZD 

o. 

Zero  Discrete 

19 

Mrc 

X7 

Master  Reset 

20 

Khc* 

Halt* 

21 

Ewe 

x5 

Write  Enable 

22 

RAc 

X1 

Radio  Control 

23 

RTc 

25 

RSc 

26 

CAc 

Cable  Control 

27 

CTc 

X7 

28 

ROc 

°1 

Radio  Status 

29 

COc 

Cable  Status 

30 

CRc 

Radio/Cable  Status 

32 

D09& 

°23 

Discrete  Output  A 

33 

D09b 

Discrete  Output  B 

35 

SC  10 

°1 

Character  Output 

36 

SC  20 

37 

SC  30 

38 

SC40 

39 

SC50 

40 

SCTO 

41 

Z19c 

X1 

Discrete  Input  C 

42 

Kc 

°1 

Compute  Mode 

43 

Lkc 

Load  Mode 

44 

Free 

Verify/Parity  Error 

46 

Z24c 

X1 

Discrete  Input  C 

47 

DOOa 

°1 

Discrete  Output  A 

48 

DOla 

49 

D02& 

50 

D03a 
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l 

c 


/ 


z' 


t 

i 


Hr^ _ 

Table  VII. 

D37C  Interface  Signals 

Connector  J5  (Continued) 

Tara  I/O  Type 

Description 

51 

Do4a 

52 

Oo$a 

53 

Oo6a 

54 

0o8a 

55 

DlOa 

56 

Oolb 

Discrete  Outputs  B 

57 

002b 

58 

003b 

59 

OO^b 

6() 

006b 

^ _ _ 

00?b 

nm 

Connector  J6 

Term  I/O  Type 

Description 

i 

me  ix 

Discrete  Inputs  A 

z 

Xl5e 

y 

Xl^c 

v~ 

Xl8c 

9' 

X20c  (lb) 

9* 

2l6c 

Discrete  Inputs  C 

& 

27c 

r 

211c 

\<r 

212c 

\& 

11  ac 

Incremental  Inputs 

i* 

11  be 

w* 

£2  ae 

& 

12  be 

13  ac 

i  r 

13  be 

ill 
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Table  VII. 
Interface  Signals 


:  O 


Tern 

14  ac 

14  be 

15  ac 

15  be 

1 6  ac 

16  be 

17  ac 
17  be 
V15 
Vl6 
V17 
V18 
V45 
V26 
V27 
¥28 
V35 
V36 
V44 
V46 
V47 
Y48 


GlOc 

Cllc 

G20c 

G21c 

G30c 

G31c 


Connector  J6  (Continued) 
I/O  Type 


Description 


Analog  Inputs 


Analog  Inputs 


Platform  Power 
Enable 

Gyro  Torque  Control 
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Table  VII. 

D37C  Interface  Signals 


Connector  J 6  (Continued) 


Pin 

Term 

I/O  Type 

Description 

49 

G4Cc 

50 

G4lc 

53 

V04b 

°2 

Analog  Outputs 

54 

V04c 

55 

Y03b 

56 

V03c 

57 

V02b 

58 

V02c 

59 

VOlb 

60 

VOlc 

Connector  J7 

Pin 

Term 

1 

♦28  Volts  DC  Primary  Power 

2 

+28  Volts  DC  Primary  Power 

3 

GRD  (+28V  Return) 

4 

GRD  (+28V  Return) 

Pin 

■  Term 

Connector  J8 

I/O  Circuit  Type 

1 

+9  HT 

+9V  Marginal  Test 

z 

GND 

Signal  Ground 

3 

+6  MT 

+6V  Marginal  Test 

4 

MPXA 

Mpxa  Enable  and  Disable  Monitor 

5 

♦3  MT 

+3V  Marginal  Test 

6 

+18  MT 

♦18V  Marginal  Test 

' 
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Table  VII. 

D37C  Interface  Signals 


Connector  J8  (Continued) 


0 


Pin 

Term 

I/O  Circuit  Type 

7 

+24  MT 

+24V  Marginal  Test 

8 

-24  CSN 

-24Y  Current  Sense  Negative 

9 

+24  FTO 

+24V  Functional  Test  Turn-Off 

10 

+12  CSN 

+12V  Current  sense  Negative 

11 

+9  pto 

+9V  Functional  Test  Turn-Off 

12 

+3  CSP 

+3V  Current  Sense  Positive 

13 

-9  M 

-9V  Monitor 

14 

+6  CSN 

+6V  Current  Sense  Negative 

15 

+18  FTP 

+18V  Functional  Test  Turn-Off 

16 

+24  CSN 

+24V  Current  Sense  Negative 

17 

-24  MT 

-24V  Marginal  Test 

18 

-18  MT 

-18V  Marginal  Test 

19 

-24  PTO 

-24Y  Functional  Test  Turn-Off 

20 

-12  PTO 

-12V  Functional  Test  Turn-Off 

21 

+12  MT 

+12Y  Marginal  Test 

22 

-18  CSP 

-18V  Current  Sense  Positive 

23 

+12  PTO 

+12V  Functional  Test  Turn-Off 

24 

+18  CSP 

+18V  Current  Sense  Positive 

25 

+18  CSN 

+18V  Current  Sense  Negative 

26 

-3  CSN 

-3 V  Current  Sense  Positive 

27 

+3  PTO 

+3V  Functional  Test  Turn-Off 

28 

+6  CSP 

+6V  Current  Sense  Positive 

29 

-3  M 

-3 V  Monitor 

30 

-6  CSP 

-6V  Current  Sense  Positive 

31 

-6  CSN 

-6V  Current  Sense  Negative 

32 

-6  MT 

-6V  Marginal  Test 

33 

-12  MT 

-12V  Marginal  Test 

34 

-9  MT 

-9V  Marginal  Test 

35 

+24  CSP 

+24V  Current  Sense  Positive 

36 

-18  PTO 

-18V  Functional  Test  Turn-Off 
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Table  VII. 

D37C  Interface  Signals 


Connector  J8  (Continued) 


Pin 

Term 

I/O  Circuit  Type 

37 

-12  CSN 

-12V  Current  Sense  Negative 

38 

+9  CSP 

+9V  Current  Sense  Positive 

39 

-24  CSP 

-24V  Current  Sense  Positive 

40 

-18  CSN 

-18V  Current  Sense  Negative 

41 

C6K 

Operand  Memory  Bank  022 

42 

C7K 

Operand  Memory  Bank  022 

43 

-3  MT 

-3V  Marginal  Test 

44 

CP6K 

Program  Memory  Bank  022 

45 

CP7K 

Program  Memory  Bank  022 

46 

+12  CSP 

+12V  Current  Sense  Positive 

47 

+3  CSN 

+3V  Current  Sense  Negative 

48 

-3  CSN 

-3V  Current  Sense  Negative 

49 

-6  PTO 

-6V  Functional  Test  Turn-Off 

50 

-12  M 

-12V  Monitor 

51 

-24  M 

-24V  Monitor 

52 

-6  M 

-6V  Monitor 

53 

+6  PTO 

+6V  Functional  Test  Turn-Off 

54 

-9  CSP 

-9V  Current  Sense  Positive 

55 

-12  CSP 

-12Y  Current  Sense  Positive 

56 

-3  PTO 

-3V  Functional  Test  Turn-Off 

57 

INVPTO 

Inverter  Functional  Test  Turn-Off 

58 

-28  RPI 

-26V  RPI  Negative 

59 

-9  PTO 

-9V  Functional  Test  Turn-Off 

60 

-9  CSN 

-9Y  Current  Sense  Negative 

61 

+9  CSN 

+9Y  Current  Sense  Negative 

Pin 

Connector  J9 

Term  Description 

1  Kpx  Mpx  Enable  and  Disable 
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Table  VII. 

D37C  Interface  Signals 
Gonnector  J9  (Continued) 

Pin  Tern  Description 

2  Mpxa  See  Chapter  III. 

3  GND 

4  GND 
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Table  VIII. 

Signal  Requirements  for  I/O  Types 


Inputs 


Type 


Type  1^  True  Level 


False  Level 


Type  I2  True  Level 


Type  I, 


Type  True  Level 


Requirements 

-15  (+11,-12)  vdc  input  shall  'oe  pro¬ 
vided  to  a  current  source  having  a 
positive  output  current  equal  to  or 
less  than  1«5  ma  and  a  parallel  re¬ 
sistance  greater  than  ICO  K  ohms. 

+12  +8  vdc  input  or  an  open  circuit 
shall  be  provided  to  a  resistance 
greater  than  100  K  ohms. 

Same  as  1^  False 


False  Level  Same  as  True 


False  Level 


Type  I, 


True  Level 


False  Level 


Type  True  Level 


+11 c 5  to  -11.5  vdc  input  shall  be 
provided  through  a  source  resistance 
between  0  and  5.5  K  ohms*  current 
drain  on  input  shall  be  equal  to  or 
less  than  11*5  pa. 

-14  (+14,  -13)  vdc  input  or  an  open 
circuit  shall  be  provided  to  a  resis¬ 
tance  greater  than  1  megohm. 

+14  (+10,  -11)  vdc  input  shall  be 
provided  to  a  current  source  having 
a  positive  input  current  equal  to  or 
less  than  2.0  ma  and  a  parallel 
greater  than  100  K  ohms. 

+31  (+8,  -9)  vdc  input  shall  be  pro¬ 
vided  to  a  14  to  20  K  ohm  resistance 
in  series  with  a  +5*0  to  +7.3  vdc 
source. 

Open  circuit  shall  be  provided  to  a 
14  to  20  K  ohm  resistance  in  series 
with  a  +4.5  to  +6.0  vdc  source. 

+6.0  +  0.5  vdc  input  shall  be  pro¬ 
vided  to  a  resistance  greater  than 
100  K  ohms. 


I 
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Table  VIII, 

Signal  Requirements  for  I/O  Types  (Continued) 


False  Level 


Type  Ir 


True  Level 


False  Level 


+0.4  (+0.3#  -0.4)  vdc  input  shall  be 
provided  to  a  current  source  having 
a  positive  output  current  equal  to  or 
less  than  7.5  ma  and  1.04  K  ohms 
parallel  resistance. 

-15  (+11»  -12)  vdc  shall  be  provided 
to  a  current  source  having  a  positive 
2.8  ma  and  a  parallel  resistance 
greater  than  20  K  ohms. 

+12  +8  vdc  input  or  an  open  circuit 
shall  be  provided  to  a  +6  +0.5  vdc 
source  through  a  series  resistance 
of  27.4  K  ohms  +5%. 


Outputs 


* 


r 


Type 

Voltage  Level 
VDC 

Output  Resistance 
Ohms 

Max  Current 
ma 

°i 

True 

-12  +  0.8 

375  +  225 

<8 

in 

False 

+6  +  0.5 

375  +  225 

<8 

out 

°2 

+10.0  +  0,20  to 

Output  Resis¬ 

<6  * 

-10.0  +  0.20 

tance  =  2K  + 

1#  to  ground 

°7 

True 

+5  (+.5,  -1.0) 

1010  +  50 

<3.5 

out 

+0.4+ 0.4 

<50 

<15 

in 

V* 

-10  (+1,  -2) 

1.0  +  0.1  K 

<8 

in 

°21 

True 

-12  +  0,8 

<20 

<110 

in 

False 

+6  +  0.5 

4.7K 

°9 

+3  +  0.15 

1000  + 1 

<7.9 

out 

118 


GE/teE/?4-l6 


Type 


Table  VIII. 

Signal  Requirements  for  I/O  Types  (Continued) 


Voltage  Level  Output  Resistance 
VDC  Ohms 


Max  Current 
ma 


10 

-3  +  0.15 

1500  +  1 

<6.4 

in 

ii 

+6  +  0.3 

1100  +  1 

<7.5 

out 

12 

-6  +  0.3 

2200  +  1 

<5.3 

in 

13 

+9  +  0.9 

2000  +  1 

<5.5 

out 

'l4 

-9  +  0.9 

3000  +  1 

<4.5 

in 

'15 

+12  +  0.6 

2900  +  1 

<4.6 

out 

16 

-12  +  0.6 

3800  +  1 

0 

VI 

in 

17 

+18  + 1.8 

4700  +  2 

<3.6 

out 

18 

-18  +  1.8 

5400  +  2 

•4- 

• 

VI 

in 

19 

+24  +  2.4 

6500  +  2 

H 

• 

vl 

out 

20 

-24  +  2.4 

7200  +  3 

<2.9 

in 

22  True 

-8.2  to  -12.8 

The  outputs  of  this 

<6.5 

in 

False 

+2.5  to  +6.5 

circuit  must  be 
terminated  in  an 

<1.7 

out 

impedance  of  1.05 
megohm  or  less 

23**  True 

-8.0  to  -12.0 
+3*5  to  +6.5 

1.2K  +  0.3K 

1.15K  +  0.85K 

<5 

<1.7 

in 

out 

**The  outputs  of  this  circuit  are  protected  against  shorts  to 
a  maximum  of  +29*7  volts  dc. 

♦The  circuit  shall  supply  or  accept  this  current  depending 
upon  polarity. 
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Table  VIII. 

Signal  Requirements  for  I/O  Types  (Continued! 


Cable  Drivers 


All  cable  drivers  are  designed  to  drive  a  cable  with  75 
ohm  characteristic  impedance  connected  to  a  load  of  37*5  ohms 
£5#  and  +6  +0.75  volts. 


i  r\ 


Type 


Description 


True 

False 

True 

False 

True 

False 

True 

Palse 


27  +  5  ma  sink 

>  10K  resistance 

13  (-2,  +3)  ma  sink 

>  10K  resistance 
29  +  6  ma  sink 

>  10K  resistance 
l^»5  +  3«>0  oa  sink 

>  10K  resistance 
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Table  IX. 

Computer  Cable  Wiring  List 


Pin 

Func 

Pin 

Ji-1 

K0 

PDU 

2 

B0 

n 

3 

C0 

« 

4 

Gnd 

m 

J2-11 

Ylc 

12-34-8 

12 

2 

9 

13 

3 

7 

14 

4 

10 

15 

5 

6 

16 

6 

11 

17 

7 

5 

18 

8 

12 

19 

9 

4 

20 

10 

13 

21 

11 

3 

22 

12 

14 

23 

13 

2 

24 

14 

15 

25 

15 

1 

26 

16 

16 

27 

17 

12-35-1 

28 

18 

2 

29 

19 

3 

30 

20 

4 

31 

21 

5 

32 

22 

6 

33 

23 

7 

34 

24c 

8 

46 

m 

SDU 

4? 

12 

* 

Pin 

Func 

Pin 

J2-48 

13 

SDU 

49 

14 

M 

50 

33 

II 

51 

37 

W 

53 

21 

H 

54 

22 

M 

55 

23 

m 

56 

24 

H 

57 

V?5 

U 

58 

31 

n 

59 

32 

M 

60 

33 

99 

61 

34 

99 

J3-1 

D07a 

11-4-8 

2 

11 

9 

3 

12 

7 

4 

13 

10 

5 

14 

6 

6 

15 

11 

7 

16 

5 

8 

17 

12 

9 

18 

4 

10 

19 

13 

11 

20 

3 

12 

21 

14 

13 

22 

2 

14 

23 

15 

15 

24 

1 

16 

25 

16 

17 

26 

11-3-8 
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Table  X. 


Signal  Receiver  Circuits 


Figure  Sample  Receiver  Circuit 
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Table  X. 

Signal  Receiver  Circuits  (Continued) 


r 


¥ 


Tern 

I 

X 

i 

3 

0 

Term 

Syt* 

11-2-4 

6 

9 

11-31-4 

Ns' 

Mrt 

5 

7 

3 

12 

14 

Mrt* 

D15b 

6 

7 

4 

11 

15 

C15 

Pk 

7 

5 

10 

31-2 

Ep 

Prk 

8 

6 

9 

3 

Ey 

03k 

9 

12 

3 

12 

10 

Mv 

Nahk 

10 

4 

11 

5 

Mnh 

Phk 

11 

5 

10 

6 

Mph 

D09a 

12 

6 

9 

34-10 

0S9 

D09b 

13 

17 

3 

12 

32-9 

C9 

Kc 

14 

4 

11 

31-7 

He 

Lkc 

15 

5 

10 

8 

Ml 

BOO 

16 

6 

9 

9 

ICP 

22 

3 

12 

D13b 

3-2 

4 

11 

32-13 

C13 

Dllb 

3 

5 

10 

11 

11 

D08b 

4 

6 

9 

8 

8 

D05b 

5 

27 

3 

12 

5 

5 

030a 

6 

4 

11 

33-15 

DS30 

028a 

7 

5 

10 

13 

28 

026a 

8 

6 

9 

11 

26 

D2?a 

9 

8 

3 

12 

12 

27 

029a 

10 

4 

11 

14 

29 

031a 

11 

5 

10 

16 

31 

D25a 

4-16 

6 

9 

10 

25 

010b 

3-13 

13 

3 

12 

32-10 

CIO 

012b 

14 

4 

11 

12 

12 

014b 

15 

5 

10 

14 

14 

6 

9 

024a 

4-1 

18 

3 

12 

33-9 

0S24 

022m 

2 

4 

11 

7 

22 

1  127 
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Table  X. 

Signal  Receiver  Circuits  (Continued) 


Tern 

I 

X 

i 

0 

Tern 

D20a 

11-4-3 

5 

10 

11-33-5 

DS20 

Dl8a 

4 

6 

9 

3 

18 

Dl6a 

5 

23 

3 

12 

1 

16 

Dl4a 

6 

4 

11 

3^-15 

14 

D12a 

7 

5 

10 

13 

12 

D07a 

8 

6 

9 

8 

7 

Dlla 

9 

28 

3 

12 

12 

11 

D13a 

10 

4 

11 

14 

13 

D15a 

11 

5 

10 

16 

15 

D17a 

12 

6 

9 

33-2 

17 

( 
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Table  XI. 

Cable  Interface  Circuits 

SW2556  sn?4o4' 

♦5»5v 


Figure  35.  Sample  Cable  Receiver. 


11 

12 

X 

i 

k 

1 

a 

z 

n 

0 

0 

Terra 

11-3 

II-1: 

25 

2 

3 

16 

4 

1 

29 

1 

2 

11-31-1 

Ck 

5 

6 

13 

14 

15 

3 

4 

31-11 

Ot 

8 

9 

7 

6 

12 

8 

5 

5 

6 

12 

Ptt 

10 

11 

9 

10 

11 

9 

8 

13 

Art 

13 

14 

20 

3 

2 

16 

4 

1 

11 

10 

35-1 

Mpx 

15 

16 

13 

14 

15 

13 

12 

3 

Sk 

18 

19 

7 

6 

12 

8 

5 

30 

1 

2 

2 

Txk 

Miscellaneous  II  Connections 
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Table  XI. 

Cable  Interface  Circuits 
Miscellaneous  II  Connections  (Continued) 


Term 

Pin 

to 

Pin 

E30 

2-1 

3 

Me 

31-7 

11-21 

Ck 

31-1 

32-16 

+5.5v 

11-2 

8 

GND 

11-22 

Z 

+12v 


Il-X 
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Table  XII. 
Cable  Li3t_  from  II 


► 


► 


/ 

* 

Y 

i 


» 

I 

\ 

1 

i 


Pin 

Pune 

Pin 

Pin 

Func 

Pin 

11-31-1 

Ck 

A-5-1 

11-32-15 

C15 

SDU 

2 

Ep 

2 

16 

Ck 

II 

3 

Ev 

3 

4 

Ms* 

4 

11-33-1 

DS16 

SDU 

5 

Mah 

5 

2 

17 

« 

6 

Mph 

6 

3 

18 

» 

7 

Me 

7 

4 

19 

m 

8 

Ml 

8 

5 

20 

m 

9 

IOP 

9 

6 

21 

m 

10 

Mt 

10 

7 

22 

* 

11 

Ot 

11 

8 

23 

« 

12 

Pt 

12 

9 

24 

« 

13 

Ae 

13 

10 

25 

14 

Mart 

14 

11 

26 

• 

15 

Spare 

15 

12 

27 

« 

16 

Spare 

16 

13 

28 

ft 

14 

29 

it 

11-32-1 

Cl 

SOU 

15 

30 

» 

2 

2 

• 

16 

31 

ft 

3 

3 

m 

4 

4 

« 

11-34-1 

DSO 

SDU 

5 

5 

m 

2 

1 

ft 

6 

6 

« 

3 

2 

ft 

7 

7 

m 

4 

3 

ft 

8 

3 

• 

5 

4 

ft 

9 

9 

e 

6 

5 

ft 

10 

10 

« 

7 

6 

ft 

U 

11 

m 

8 

7 

ft 

12 

12 

« 

9 

8 

ft 

13 

13 

• 

10 

9 

ft 

14 

14 

« 

11 

10 

ft 

o 
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Table  Xli* 

Cable  List  from  II  (Continued) 


Pin 

Pune 

Pin 

11-34-12 

DS11 

SDU 

13 

12 

II 

14 

13 

ft 

15 

14 

ft 

16 

15 

ft 

11-35-1 

Mpx 

P- 

2 

Tx 

3 

Sk 

4 

BP1 

5 

BP2 

6 

B01 

7 

B02 

8 

Spare 

9 

ft 

10 

ft 

11 

ft 

12 

ft 

13 

ft 

14 

ft 

15 

ft 

16 

ft 

11-21 

Me 

I2-M 
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Figure  36.  12  Parts  Location. 
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Table  XIII. 

Bus  and  Flag  Interfacing  (Continued) 


Term 

I 

X  i 

Y 

a 

k 

z 

1 

m 

0 

Term 

D19 

12-4-3 

5 

24 

l 

2 

3 

14 

12-35-3 

Y19C 

20 

4 

6 

3 

4 

6 

11 

4 

20 

21 

5 

7 

5 

6 

7 

10 

5 

21 

22 

6 

8 

9 

6 

30 

2 

15 

6 

22 

23 

7 

9 

11 

10 

3 

14 

7 

23 

24 

8 

10 

13 

12 

6 

11 

8 

24 

PI 

I2-E 

11 

29 

1 

2 

7 

10 

12-7 

X1C 

2 

P 

12 

3 

4 

33 

2 

15 

8 

2 

3 

H 

13 

5 

6 

3 

14 

9 

3 

4 

J 

14 

9 

8 

6 

11 

10 

4 

5 

K 

15 

11 

10 

7 

10 

11 

5 

i 

* 

.  j 


t 
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Table  XIV. 

Channel  Select  Circuits 


3N741? 


Gnd 


Figure  38.  Sample  Channel  Driver. 
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Figure  39.  Sample  Control  Interface. 

x  X  i  3  0  Input  Output 
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Pin 

Pune 

Table  XVI. 

Cable  List  to  12 

Pin  1  Pin 

Pune 

Pin 

12-3-1 

D1 

P 

12-5-1 

D1 

A-l 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

c 

5 

5 

6 

Che 

6 

6 

6 

7 

Rn* 

7 

7 

7 

8 

Ss 

8 

8 

8 

9 

Hit 

9 

9 

9 

10 

Spare 

10 

10 

10 

11 

11 

11 

11 

12 

12 

12 

12 

13 

13 

13 

13 

14 

14 

14 

14 

15 

15 

15 

15 

16 

16 

16 

16 

12-4-1 

D17 

A-17 

I2-A 

No  Conn 

2 

18 

18 

B 

+  5.5 

PDU 

3 

19 

19 

C 

+12v 

11 

4 

20 

20 

B 

-12v 

r 

5 

21 

21 

E 

PI 

sou 

6 

22 

22 

P 

C 

II 

7 

23 

A— C 

H 

3 

m 

8 

24 

D 

J 

4 

m 

9 

Che 

V 

K 

5 

m 

10 

PI 

P 

L 

None 

11 

CuO 

J 

M 

He* 

11-21 

12 

1 

K 

K 

Cll 

A-3 

13 

2 

L 

P 

2 

T 

14 

3 

K 

R 

3 

U 

15 

4 

P 

S 

4 

V 

16 

CIO 

R 

Z 

Gnd 

PDU 
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Appendix  C 
System  Schematics 

This  appendix  contains  the  remaining  schematics  needed 
to  construct  and  troubleshoot  the  converted  B37C  system.  The 
PDU  and  SDU  drawings  are  repeated  in  this  section  as  a  con- 
veinence  to  the  reader.  The  rest  consists  of  figures  defining 
the  panel  circuit  board,  PB,  and  circuit  board  A  in  the  card 
chassis. 


V  r  « 


Control  Lines 


Figure  45,  Mode  Control  and  Bank  Indicators. 


Saxple 


8 
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x 

o 

5-* 

S 


>o 
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Figure  47,  Register  Display  (Page  1  of  2) 


Pigura  47.  £«g iatar  DUplay  (Pag#  2  of  2). 
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Figure  49.  Mode  Displays  and  IOP  Driver 


wheel 


fron 

thumb¬ 

wheel 


Flgura  52.  I/O  Output  Schematic  (Page  1  of  2). 
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